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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The crystalline substance characterized by including the divalent cation which is in the atomic layer of a 
crystalline substance (crystalline material) further, and which occupies the crystal lattice which said transition-metals 
atom should mainly occupy including a lithium, oxygen, and at least one transition metals (crystalline material). 
[Claim 2] Said crystalline substance is a crystalline substance according to claim 1 characterized by mainly having R- 
3m crystal structure of a single gestalt when said divalent cation does not exist. 

[Claim 3] Said some of lithiums are the crystalline substances according to claim 2 characterized by being irreversibly 
removable from said crystal structure. 

[Claim 4] Said divalent cation in said transition-metals layer is a crystalline substance according to claim 3 
characterized by promoting the oxidation state of the transition-metals ion in the matter. 

[Claim 5] The ratio in which said divalent cation exists is a crystalline substance according to claim 3 characterized by 
being 1 - 25% based on the total of the atom in the crystal layer of the matter mainly occupied with a transition-metals 
atom. 

[Claim 6] Said ratio is a crystalline substance according to claim 5 characterized by being 3 - 15% of atomic ratio. 
[Claim 7] Said divalent cation is a crystalline substance according to claim 3 characterized by being the ion of the 
element of one or one or more periodic table II groups. 

[Claim 8] Said periodic table II group's element is a crystalline substance according to claim 7 characterized by being an 
alkaline-earth-metal element and zinc. 

[Claim 9] Said alkaline earth metal element is a crystalline substance according to claim 8 characterized by being 
magnesium, calcium, strontium, and barium. 

[Claim 10] Said transition metals are crystalline substances according to claim 3 characterized by choosing one or one 

or more from titanium, vanadium, chromium, manganese, iron, cobalt, and aluminum. 

[Claim 11] Presentation Lil+x nickel 1-y My Nz Op It has, M is chosen from titanium, vanadium, chromium, 

manganese, iron, cobalt, and aluminum during this presentation, and;N is chosen from magnesium, calcium, strontium, 

barium, and zinc; 

0 <-x<=z; 

2(l+z/2)<=p<=2(l+z); 

the time of 0 <=y<=0.25;M being aluminum, when M is cobalt or manganese and 0 <=y<=l ;M is titanium, vanadium, 
chromium, or iron - y<=0.4; - the crystalline substance according to claim 1 characterized by being 0<=z<=0.1; when 
N is magnesium or calcium again and 0 <=z<=0.25;N is strontium, zinc, or barium. 

[Claim 12] It has presentation Lil+x nickel 1-y My Nx 02 (1+x). M during this presentation It is chosen out of titanium, 
vanadium, chromium, manganese, iron, cobalt, and aluminum. ;N When it is chosen out of magnesium, calcium, 
strontium, barium, and zinc and;M is cobalt or manganese, When 0 <=y<=l;M is titanium, vanadium, chromium, or 
iron, the time of 0 <=y<=0.5;M being aluminum — y<=0.4; -- the crystalline substance according to claim 1 1 
characterized by being 0<=x<=0.1; when N is magnesium or calcium again and 0 <=x <=0.25;N is strontium, barium, or 
zinc. 

[Claim 13] Presentation Lil nickel 1-y My Nx Op It has and M is chosen from titanium, vanadium, chromium, 
manganese, iron, cobalt, and aluminum during this presentation. ;N When it is chosen out of magnesium, calcium, 
strontium, barium, and zinc and;M is cobalt or manganese, When 0 <=y<=l;M is titanium, vanadium, chromium, or 
iron, the time of 0 <=y<=0.5;M being aluminum - y<=0.4;, when N is magnesium or calcium again The crystalline 
substance according to claim 12 characterized by being 0<=x<=0.1 and 2(l+x/2) <=p<=2(l+x); when 0 <=x <=0.25;N 
is strontium, barium, or zinc. 

[Claim 14] The negative electrode of the electrochemistry eel characterized by being a negative electrode containing the 
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matter according to claim 1 . 

[Claim 15] The negative electrode according to claim 14 characterized by including the matter according to claim 11. 
[Claim 16] The negative electrode according to claim 15 characterized by including the matter according to claim 12. 
[Claim 17] The negative electrode according to claim 15 characterized by including the matter according to claim 13. 
[Claim 18] The lithium ion secondary eel characterized by including the negative electrode which has a configuration 
according to claim 14, said negative electrode and the dissolving positive electrode, and said positive electrode and the 
dissolving electrolytic solution. 

[Claim 19] The lithium ion secondary eel according to claim 18 characterized by including said negative electrode 
which has a configuration according to claim 15. 

[Claim 20] The lithium ion secondary eel according to claim 18 characterized by including said negative electrode 
which has a configuration according to claim 16. 

[Claim 21] The lithium ion secondary eel according to claim 18 characterized by including said negative electrode 
which has a configuration according to claim 17. 

[Claim 22] the manufacture process setting — a. - the matter which contains the lithium of a certain amount at least « 
The procedure which is made to combine the matter containing the transition metals of a certain amount, and the matter 
containing the atom of at least one periodic table II group element of a certain amount, and generates a uniform solid- 
state by this, b. The quality of an activity crystal lithium transition-metals oxide which heat-treats and has said uniform 
solid-state, and contains the atom of at least one aforementioned periodic-table II group element is generated. In said 
atom of at least one aforementioned periodic table II group element, the transition-metals atom in the crystal layer of 
said active substance the crystal lattice mainly occupied in said active substance The method of ************ ? The 
manufacture process of the lithium transition-metals oxide crystalline substance characterized by including the 
procedure of selecting the aforementioned amount. 

[Claim 23] the procedure of the aforementioned procedure to combine dissolving and having the amount of a. above in 
at least one solvent, and offering a uniform solution, and b. — it is continued — a process including the procedure of 
drying said uniform solution and offering said uniform solid-state by churning while removing said solvent from said 
uniform solution according to claim 22. 

[Claim 24] The aforementioned procedure to combine is a process according to claim 22 characterized by to include the 
procedure dissolve and have the amount of a. above in at least one solvent, and offer a uniform solution, and the 
procedure carry out the spray of said uniform solution indoors through b. spraying nozzle, hold said indoor temperature 
more than the drying temperature of said solvent, make said solvent evaporate, and offer said uniform powder-like 
solid-state. 

[Claim 25] The matter containing said lithium is matter containing a lithium hydroxide (lithium hydroxide) during the 
aforementioned procedure to combine. Said procedure to combine a. The procedure which generates the solution which 
dissolves the matter containing the lithium hydroxide of the aforementioned amount, and the transition metals of the 
aforementioned amount in one organic solvent, and contains a lithium, b. The procedure of preparing the water solution 
of the matter containing said periodic table II group element, c. Process according to claim 22 characterized by 
including the procedure which mixes both said water solution and the solution containing said lithium, the procedure of 
leaving said mixture and offering gel until d. gelation takes place, and the procedure of drying the e. aforementioned gel 
and obtaining said uniform solid-state. 

[Claim 26] Said quality of an activity crystal lithium transition-metals oxide containing the atom of said at least one 
periodic-table II group element is a process according to claim 22 characterized by having a presentation according to 
claim 1 1 . 

[Claim 27] Said quality of an activity crystal lithium transition-metals oxide containing the atom of said at least one 
periodic-table II group element is a process according to claim 26 characterized by having a presentation according to 
claim 12. 

[Claim 28] Said quality of an activity crystal lithium transition-metals oxide containing the atom of said at least one 
periodic-table II group element is a process according to claim 26 characterized by having a presentation according to 
claim 13. 

[Claim 29] The manufacture process of the lithium ion secondary eel characterized by constituting a eel from a negative 
electrode which has a presentation according to claim 14, said negative electrode, the dissolving positive electrode and 
said negative electrode, and the dissolving electrolytic solution in the manufacture process. 



[Translation done.] 

http://ww4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLejje?u=http%3A% 6/3/2004 



Page 1 of 18 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of the negative-electrode matter of a cell. It has especially 
R-3m crystal structure (rhombohedral R-3m crystal structure) of rhombohedron, and is related with the lithium 
transition-metals oxide negative-electrode matter doped by addition of the cation belonging to at least one sort of 
periodic-table II groups. The negative-electrode matter by this invention shows phasing of a high capacity, and the 
endurance over an electrical potential difference and the controlled amount of specific volume in discharge and the 
charge cycle of a round. 
[0002] 

[Description of the Prior Art] Since it corresponds to the need which increases to constant [ of a portable computer, and 
a cellular type telephone or a portable electronic instrument ] these days, the need of the improved cell in which a 
recharge is possible is in a way of an increment. The cell in which a recharge is possible is called a rechargeable battery, 
and permits migration of ion between a negative electrode and a positive electrode again, including the liquefied 
electrolyte which intervenes between a negative electrode, a positive electrode, and a negative electrode and a positive 
electrode fundamentally, or other matter. It is a high capacity, good cycle nature, and the high endurance over an 
electrical potential difference that are required of the cell in which a recharge is possible as engine performance. 
[0003] The capacity of the cell which can be charged is measured in the unit of mAh/g, and it is the charge which can 
generate the matter of a unit weight. The cycle nature of the cell in which a recharge is possible is known as a "cycle 
action" or a "cycle life" again, and is reduction of cell capacity, or measurement to the rate of phasing in the discharge 1 
recharge cycle course of a round. Recycle nature may be represented in the specified discharge 1 recharge cycle course 
as an average percentage of the capacity which decreased. High cycle nature is the direct judgment to the good use life 
of a cell, and when the last cost by the side of production and consumption of a cell is high, it serves as an important 
property especially. The electrical-potential-difference endurance of the cell in which a recharge is possible is 
represented as the highest limit of an electrical potential difference that a cell can be charged without being typically 
measured in the unit of a bolt and damaging the perfection of negative-electrode matter structure. So, the cell which has 
comparatively high electrical-potential-difference endurance demonstrates the phasing nature of a good capacity 
similarly, also when it charges to a high electrical potential difference, and when a low electrical potential difference 
charges. The reason and the higher electrical-potential-difference endurance which can produce capacity and energy 
density with the expensive cell charged to the high electrical potential difference are desirable as a cell. The energy 
density of a cell is the energy (net) of the net of a cell which the unit weight of the activity negative-electrode matter 
may emit in a discharge process. Net energy is expressed as the electrical potential difference per unit weight of the 
matter, and a product of a charge, is calculated by formula; E=(l/M) integralphi V(q) dq, and when N is strontium, zinc, 
or barium, it is set to 0<=z<=0.1. It is the electrical potential difference as which the weight of the active substance of a 
negative electrode was expressed for M, and the charge of the net after discharge and V (q) were expressed in the upper 
formula for Q as a function of q. It is more desirable to have the reason which emits the higher energy in the application 
range set constant [ the cell of the fixed weight containing high energy density ], and high energy density. 
[0004] As a request of a up to [ the commerce in the commercial scene of the cell in which a recharge is possible which 
improves gradually ], the improvement on a past property is mentioned and it serves as an advantage on parenchyma in 
which a current cell is excelled. So, the improvement to the negative-electrode matter of the cell in which a recharge is 
possible is continued by ****. 

[0005] The crystalline substance of a lithium radical is included in the cell belonging to the group (family) of the cell in 
which a recharge is possible in which a lithium ion recharge is possible as a negative electrode. The crystal lattice of the 
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negative-electrode matter provides a lithium ion with the skeleton on structure (frame work). A lithium ion can be 
inserted into the skeleton of the crystal of a negative electrode (insertion), or it can be desorbed from it. So, the 
negative-electrode matter is seen as "activity" matter in the cell in which a lithium ion recharge is possible. During 
charge, it is moved from the negative-electrode matter, and a lithium ion is deposited or intercalated in a positive 
electrode (based on the gestalt of a positive electrode), (intercarate) During discharge, a lithium ion is returned and 
intercalated in the negative-electrode matter, and makes easy flow of the electrical and electric equipment between cell 
terminals. Among the cycle of charge and discharge, in order that the negative electrode containing an active substance 
may hold the reversibility of a reaction, the remarkable change on any structures is not allowed. It is based on the 
stability of the crystal structure of the negative-electrode matter that the reversibility of a reaction is permitted during 
discharge, and a lithium ion can return and intercalate in the negative-electrode matter repeatedly. It must know that the 
engine performance of a cell is serious the place depended on the component of the negative-electrode matter. It 
influences the amount of specific volume, the energy density, current capacity, and recycle nature of a cell directly 
again. 

[0006] What becomes a negative electrode from the component of a lithium transition-metals oxide is included in the 
group of a lithium ion battery. There are a lithium manganese oxide spinel (LiMn 204 of spinel skeletal structure), 
lithium nickel oxide (LiNi02), lithium cobalt oxide (LiCo02), etc. in the lithium transition-metals oxide generally used 
as negative-electrode matter. All of these matter operate by reversibility transfer of the lithium ion of upper **. During 
recycle of discharge, it is moved from a negative electrode, and a lithium ion is deposited on a positive electrode, or is 
intercalated, and hardly spoils the original structure of a negative electrode. A lithium ion is returned and intercalated in 
a negative electrode at once during discharge. To a lithium, usual lithium transition-metals oxide shows a high electrical 
potential difference (to 3.8-4V), and offers high energy density. This is for according to small molecular weight. 
[0007] They are LiMn 204 and LiNi02 to Table 1. And LiCo02 The energy density of the negative-electrode matter 
was enumerated. Cork is used for a positive electrode and this is reproduced from Mr. k.Brandfs Solid State Ionics 69 
(1994), and the 173-1 83rd page. The difficulty of composition of the matter based on the technique accepted by recycle 
nature, a manufacturing cost, and the general cell manufacturing technology etc. was ranked as coincidence in Table 1 . 



[0008] 
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[0009] The inside of three sorts of matter, and LiMn 204 LiNi02 An impact [ as opposed to / a manufacturing cost is 
clearly low and / environmental pollution ] is also LiCo02. It compares and is light. However, LiMn2 04 and LiNi02 
The conflict nature of a recycle action restricts these application today. It is LiMn 204. LiNi02 If recycle nature can be 
improved, he is fastidious, and it is LiCo02 as negative-electrode matter of the cell in which the lithium ion recharge of 
the matter is possible. It cannot be said that it cannot replace. 

[0010] It is adding the element except [ these ] being shown in the periodic table as an approach of raising the stability 
of the recycle nature guided from the lithium transition-metals oxide. The compound and LiMn 204 which are not 
doped in a certain example, for example, and LiNi02 And LiCo02 As for change of the crystal structure which the 
figure on chemistry count shows, improvement in the property on the electrochemistry of the matter was accepted in the 
result. 

[001 1] R. J.Gummow et al, Solid State Ionic It is LiMn 204 about the lithium of optimum dose to (69) and "Improved 
Capacity Retention in Rechargeable 4 v Lithium/Lithium-Manganese Oxide (Spinel) Cell" recorded by the 59-67th 
page. It has suggested adding and raising the cycling action of the matter. This bibliography is LiMn 204 about 
magnesium or zinc again. It added to inside and it is suggested that the substitute of some magnesium, then 
improvement in a cycling action are caused. Anyway, the constancy of the cycling nature of the matter is LiMn 204 
which doped magnesium and zinc although it improved. Spinel (Spinel) The amount of specific volume of the matter is 
small, and is within the limits of 90- 105 mAh/g. 

[0012] The contents opened to the United States patent number 5,264,201 are all announced here, according to this, the 
matter which has the cycling stability which improved is represented with formula Lix Niz-x-yMy O — having — inside 
x - between about 0.8 and 1 .0 - it is - M - 1 — or it is one or more cobalt, iron, titanium (titanium), manganese 
(manganese), chromium (chromium), and vanadium (vanadium), and suppose that it is y<=0.5 with y<=0.2, however 
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cobalt, pure LiNi02 a case a parenchyma top - a pure lithium and parenchyma top — pure nickel - a metal atomic 
layer is ****(ed) between the pure oxygen layers on parenchyma by turns. When the lithiums on chemistry count 
decrease in number from 0.1 , it mixes into a lithium atomic layer and a nickel atom is decline of the intercalation of a 
lithium atom, (deintercalation) It prohibits. If the artificer of a patent of the United States patent number 5,264,201 holds 
x in the above-mentioned range, it will be suggested that the amount of a nickel atom is not mixed in the degree which 
decreases the capacity of the day intercalation of a parenchyma top lithium. The permutation and adjustment on the 
chemistry count from which the place which a patent of the United States patent number 5,264,201 suggests differed are 
pure LiNi02 to some extent. The matter which improved although the improvement which excels the matter was shown 
is still LiCo02. It does not result in the degree which offers the stability of the cycling nature of the matter. Moreover, it 
does not have the engine performance of remarkable electrical-potential-difference endurance in which the matter of a 
patent of the United States patent number 5,264,201 is also sufficient for believing. If it results in application, it is still 
more so. 

[0013] It presents [ all announce the contents opened to the United States patent number 5,591,543 here, and ] reference 
and needs. According to it, they are Lil-x Qx/2 ZOm. Z is one transition metals chosen from cobalt, nickel, manganese, 
iron, vanadium, etc. among the group of the lithium ion negative-electrode matter compounded, Q is the calcium and 
magnesium which were chosen from a periodic-table II group's element group, strontium (Strontium), barium, etc., and 
m is based on the identity of Z by 2 or 2.5. For addition of the oxide of Q element, or a carbonate compound, Q+2 
cation is [ the artificer of a patent of the United States patent number 5,591,543 ] LiCo02 during composition. QO or 
QC03 which joins together in the lithium crystal lattice within a grid, and carries out whole surface survival The 
compound will be shown if intermingled in the completed negative electrode with the form. Among cycling, the solvent 
action of a periodic table II group's oxide and a carbonic acid compound turns into electrolytic buffer action, and reacts 
with the water in the electrolytic solution, and an acid impurity (acid impurities), and functions as a drying agent. It 
seems that the artificer of a patent of the United States patent number 5,591 ,543 returned to ** of their desiccation 
operation of a periodic table II group's oxide, or a carbonate by improvement in the recycle nature of the matter. 
[0014] As shown in 4th, 6, and 8 Fig. of a patent of the United States patent number 5,591,543, the rechargeable battery 
which used the matter put up with this invention proposal for the negative electrode supposes that it can charge to 4.2V. 
Now, the need of developing the negative-electrode matter of the lithium transition-metals oxide which can bear a 
higher charge electrical potential difference is still left behind. First, the matter which can be charged on the electrical 
potential difference beyond 4.2V must have a higher capacity and energy density. Like the above-mentioned 
explanation, such engine performance that improved is on application, and offers remarkable profits. The negative- 
electrode matter which has R3m (here, it is displayed as R-3m) crystal structure of moreover and these days becomes 
unstable when it charges on the electrical potential difference beyond 4.2-4.3 V. When it is made thin to the constant 
value which has the concentration of the lithium contents in the negative-electrode matter during charge (the range of 
4.2-4.3 V), the change on structure takes place within the matter, and it degrades the phasing property of these matter. 
So, the capacity for the negative-electrode matter to be able to be equal to charge of about 4.2 V is one of the important 
properties. Supposing the negative-electrode matter can be equal to the charge which a higher electrical potential 
difference repeats compared with the conventional negative-electrode matter, this improved matter can offer a higher 
capacity at the time of discharge. 

[0015] so, the research on the structure of the rechargeable battery of the above-mentioned invention or these days - a 
result ~ when an improvement of the property on the constancy of cycling or other electrochemistry is considered, it 
keenly still must be realized about improvement in the property on the cycling constancy of the lithium ion negative- 
electrode matter, a higher charge-proof electrical potential difference, or other electrochemistry etc. that there is the 
need for efforts still further — I will come out. 
[0016] 

[Problem(s) to be Solved by the Invention] this invention is term ** about improvement in the property on the cycling 
stability of the rechargeable battery which has the lithium ion negative-electrode matter, a high charge-proof electrical 
potential difference, high energy density, and other electrochemistry, is doped by addition of the cation which belongs 
to a kind of periodic table II group at least to the lithium transition-metals oxide negative-electrode matter which has R- 
3m crystal structure of rhombohedron, and attains the purpose to it. 
[0017] 

[Means for Solving the Problem] This invention for attaining the above-mentioned purpose is constituted as follows for 
every claim. 

[0018] Invention according to claim 1 contains a lithium, oxygen, and at least one transition metals, and is a crystalline 
substance (that is, it will become crystalline material, if the thing of a crystalline substance is said and an English 
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notation is carried out.) further. It is the same in this specification. It is the crystalline substance characterized by 
including the divalent cation in an atomic layer which occupies the crystal lattice which said transition-metals atom 
should mainly occupy. 

[0019] Invention according to claim 2 is a crystalline substance according to claim 1 characterized by said crystalline 
substance mainly having R-3m crystal structure of a single gestalt when said divalent cation does not exist. 
[0020] Invention according to claim 3 is a crystalline substance according to claim 2 characterized by said some of 
lithiums being irreversibly removable from said crystal structure. 

[0021] Said divalent cation which invention according to claim 4 has in said transition-metals layer is a crystalline 
substance according to claim 3 characterized by promoting the oxidation state of the transition-metals ion in the matter. 
[0022] The ratio in which, as for invention according to claim 5, said divalent cation exists is a crystalline substance 
according to claim 3 characterized by being 1 - 25% based on the total of the atom in the crystal layer of the matter 
mainly occupied with a transition-metals atom. 

[0023] Invention according to claim 6 is a crystalline substance according to claim 5 characterized by said ratio being 3 
- 15% of atomic ratio. 

[0024] Invention according to claim 7 is a crystalline substance according to claim 3 characterized by said divalent 
cation being ion of the element of one or one or more periodic table II groups. 

[0025] Invention according to claim 8 is a crystalline substance according to claim 7 characterized by said periodic table 
II group's elements being an alkaline-earth-metal element and zinc. 

[0026] Invention according to claim 9 is a crystalline substance according to claim 8 characterized by said alkaline earth 
metal elements being magnesium, calcium, strontium, and barium. 

[0027] Invention according to claim 10 is a crystalline substance according to claim 3 characterized by said transition 
metals choosing one or one or more from titanium, vanadium, chromium, manganese, iron, cobalt, and aluminum. 
[0028] Invention according to claim 1 1 is presentation Lil+x nickel 1-y My Nz Op. It has, M is chosen from titanium, 
vanadium, chromium, manganese, iron, cobalt, and aluminum during this presentation, and;N is chosen from 
magnesium, calcium, strontium, barium, and zinc; 
0 <=x<=z; 

2(l+z/2)<=p<=2(l+z); 

the time of 0 <=y<=0.25;M being aluminum, when M is cobalt or manganese and 0 <=y<=l;M is titanium, vanadium, 
chromium, or iron - y<=0.4; - when N is magnesium or calcium again and 0 <=z<=0.25;N is strontium, zinc, or 
barium, it is the crystalline substance according to claim 1 characterized by being 0<=z<=0.1;. 

[0029] Invention according to claim 12 has presentation Lil+x nickel 1-y My Nx 02 (1+x). M during this presentation It 
is chosen out of titanium, vanadium, chromium, manganese, iron, cobalt, and aluminum. ;N When it is chosen out of 
magnesium, calcium, strontium, barium, and zinc and;M is cobalt or manganese, When 0 <=y<=l;M is titanium, 
vanadium, chromium, or iron, the time of 0 <=y<=0.5;M being aluminum — y<=0.4;, when N is magnesium or calcium 
again When 0 <=x <=0.25;N is strontium, barium, or zinc, it is the crystalline substance according to claim 1 1 
characterized by being 0<=x<=0.1 ;. 

[0030] Invention according to claim 13 is presentation Lil nickel 1-y My Nx Op. It has. M is chosen from titanium, 
vanadium, chromium, manganese, iron, cobalt, and aluminum during this presentation. ;N When it is chosen out of 
magnesium, calcium, strontium, barium, and zinc and;M is cobalt or manganese, When 0 <=y<=l ;M is titanium, 
vanadium, chromium, or iron, the time of 0 <=y<=0.5;M being aluminum - y<=0.4;, when N is magnesium or calcium 
again When 0 <=x <=0.25;N is strontium, barium, or zinc, they are 0<=x<=0.1 and the crystalline substance according 
to claim 12 characterized by being 2(l+x/2) <=p<=2(l+x);. 

[0031] Invention according to claim 14 is the negative electrode of the electrochemistry eel characterized by being a 
negative electrode containing the matter according to claim 1. 

[0032] Invention according to claim 15 is a negative electrode according to claim 14 characterized by including the 
matter according to claim 1 1 . 

[0033] Invention according to claim 16 is a negative electrode according to claim 15 characterized by including the 
matter according to claim 12. 

[0034] Invention according to claim 17 is a negative electrode according to claim 15 characterized by including the 
matter according to claim 13. 

[0035] Invention according to claim 18 is a lithium ion secondary eel characterized by including the negative electrode 
which has a configuration according to claim 14, said negative electrode and the dissolving positive electrode, and said 
positive electrode and the dissolving electrolytic solution. 

[0036] Invention according to claim 19 is a lithium ion secondary eel according to claim 18 characterized by including 
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said negative electrode which has a configuration according to claim 15. 

[0037] Invention according to claim 20 is a lithium ion secondary eel according to claim 18 characterized by including 
said negative electrode which has a configuration according to claim 16. 

[0038] Invention according to claim 21 is a lithium ion secondary eel according to claim 18 characterized by including 
said negative electrode which has a configuration according to claim 17. 

[0039] invention according to claim 22 — the manufacture process — setting - a. — the matter which contains the lithium 
of a certain amount at least — The procedure which is made to combine the matter containing the transition metals of a 
certain amount, and the matter containing the atom of at least one periodic table II group element of a certain amount, 
and generates a uniform solid-state by this, b. The quality of an activity crystal lithium transition-metals oxide which 
heat-treats and has said uniform solid-state, and contains the atom of at least one aforementioned periodic-table II group 
element is generated. In said atom of at least one aforementioned periodic table II group element, the transition-metals 
atom in the crystal layer of said active substance the crystal lattice mainly occupied in said active substance The method 
0 f ************ ? j t j S t ^ e manufacture process of the lithium transition-metals oxide crystalline substance 
characterized by including the procedure of selecting the aforementioned amount. 

[0040] the procedure of the procedure in which the above combines invention according to claim 23 dissolving and 
having the amount of a. above in at least one solvent, and offering a uniform solution, and b. - it is continued it is a 
process including the procedure of drying said uniform solution and offering said uniform solid-state by churning while 
removing said solvent from said uniform solution according to claim 22. 

[0041] The procedure in which the above combines invention according to claim 24 a. The procedure of dissolving and 
having the aforementioned amount in at least one solvent, and offering a uniform solution, b. It is the process according 
to claim 22 which carries out the spray of said uniform solution indoors through a spraying nozzle, and is characterized 
by including the procedure of holding said indoor temperature more than the drying temperature of said solvent, making 
said solvent evaporating, and offering said uniform powder-like solid-state. 

[0042] The matter containing said lithium of invention according to claim 25 is matter containing a lithium hydroxide 
(lithium hydroxide) during the aforementioned procedure of making it joining together. The procedure which generates 
the solution which said procedure to combine dissolves the matter containing the lithium hydroxide of the amount of a. 
above, and the transition metals of the aforementioned amount in one organic solvent, and contains a lithium, b. The 
procedure of preparing the water solution of the matter containing said periodic table II group element, c. It is the 
process according to claim 22 characterized by including the procedure which mixes both said water solution and the 
solution containing said lithium, the procedure of leaving said mixture and offering gel until d. gelation takes place, and 
the procedure of drying the e. aforementioned gel and obtaining said uniform solid-state. 

[0043] Said quality of an activity crystal lithium transition-metals oxide in which invention according to claim 26 
contains the atom of said at least one periodic-table II group element is a process according to claim 22 characterized by 
having a presentation according to claim 1 1 . 

[0044] Said quality of an activity crystal lithium transition-metals oxide in which invention according to claim 27 
contains the atom of said at least one periodic-table II group element is a process according to claim 26 characterized by 
having a presentation according to claim 12. 

[0045] Said quality of an activity crystal lithium transition-metals oxide in which invention according to claim 28 
contains the atom of said at least one periodic-table II group element is a process according to claim 26 characterized by 
having a presentation according to claim 13. 

[0046] Invention according to claim 29 is the manufacture process of the lithium ion secondary eel characterized by 
constituting a eel from the negative electrode which has a presentation according to claim 14, said negative electrode 
and the dissolving positive electrode and said negative electrode, and the dissolving electrolytic solution in the 
manufacture process. 

[0047] The negative-electrode matter of the rechargeable battery with which this invention was improved is formed with 
a lithium transition-metals oxide, it has R-3m crystal structure of rhombohedron, and the divalent cation is added. Let it 
be a good plan to choose from magnesium, calcium, strontium, barium, or zinc as an additive of a divalent cation. The 
addition of the dopant (dopant) of the divalent selected cation occupies the crystal lattice which a transition-metals atom 
should occupy in all or some of dopant atoms. The doped lithium transition-metals oxide by this invention occupies the 
crystal lattice which nickel cobalt, nickel, and/or a cobalt cation should occupy respectively at the time of un-doping in 
all or some of divalent cation dopant atom, for example like the doped lithium nickel oxide, lithium cobalt oxide, or 
lithium nickel cobalt oxide. The doped lithium transition-metals oxide by this invention may be formed as a negative 
electrode of a rechargeable lithium-ion battery. When used for this purpose, the engine performance of high capacity, 
good recycle nature, and high-voltage-proof nature can be expected (to at least 4.4v). 
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[0048] If this invention persons add the divalent cation dopant on the basis of all the atomic numbers in the transition- 
metals layer of a crystal lattice by about one to 25 atom percent within the limits with the fact solved as the research 
based on the approach and employment by this invention, the rechargeable battery which has such negative-electrode 
matter will not believe and suspect having a property on more excellent electrochemistry compared with the 
rechargeable battery of the negative-electrode matter which is not doped. In addition, like the above, when the property 
which improved further restricts the divalent cation dopant on the basis of all the atomic numbers in the transition- 
metals layer of a crystal lattice to about three to 15 atom percent within the limits this time, it appears, this invention 
persons mainly have an R-3m crystal structure, and it is concluded that it can expect improvement in the property if the 
quality of a lithium transition-metals oxide which does not contain a periodic-table II group's dopant adds a periodic- 
table II group's dopant so that it may suggest by this invention. As for one added in the same special object and the 
matter thru/or some transition-metals atoms, a non-doped lithiation transition-metals oxide is determined [ a single 
gestalt or ] by whether it is mainly the R-3m crystal structure of a single gestalt. 

[0049] Although the doped lithium transition-metals oxide by this invention contains two groups' thing represented with 
the following formula, it is not necessarily limited to this, namely, - Lil+x nickel 1-y My Nx O (1+x) (formula 1) and - 
Lil nickel 1-y My Nx Op (formula 2) 

One or one or more in the titanium whose M it comes out and is transition metals, vanadium, chromium, manganese, 
iron, cobalt, and aluminum; N When selection;M is cobalt or manganese, one of the magnesium which is a periodic- 
table II group's element, calcium, strontium, barium, and the zinc When 0 <=y<=l ;M is titanium, vanadium, chromium, 
or iron and 0 <=y<=0.5;M is aluminum, the time of 0<x <=0.25;N being strontium, barium, or zinc, when y<=0.4;N is 
magnesium or calcium - 0<x<=0.1; - the inside ~;2 (l+x/2) <=p<=2 (1+x) 

For the range of above x and the variable of y, the addition of observation of this invention persons, various transition 
metals, and a divalent cation is maternal LiNi02. It determined based on the usual degree of meltable solution within 
structure. 

[0050] this invention persons did not pass the inside of the doped lithium nickel transition-metals oxide which is 
represented from the two above-mentioned formulas to a part of this invention, but it discovered that the divalent cation 
of all or some periodic table II groups occupied the crystal lattice of the transition-metals layer in a crystal. Lil+x 
nickel 1-y My Nx O (1+x) by this invention Lil nickel 1-y My Nx Op Lil-x Qx/2 ZOm by the synthetic formula and the 
United States patent number 5,591,543 of the matter the clear difference between the synthetic formulas of the matter — 
in addition The existence in the transition-metals layer of the divalent cation by this invention distinguishes the matter 
of this invention, and it by patent of the United States patent number 5,591,543 immediately. It sets to the matter of a 
patent of the United States patent number 5,591,543, and is an alkaline earth dopant (alkaline earth dopants). It **** in 
a lithium layer in part, and entailment is carried out to the negative electrode fabricated in the forms of an oxide and a 
carbonate for a part. Furthermore, it is sure that it is because a divalent cation carries out ON ** of the property in which 
the matter according [ this invention persons ] to this invention was strengthened, into the crystal lattice of transition 
metals compared with it of a patent of the United States patent number 5,591,543. 

[0051] Doping the crystal lattice of transition metals with the divalent cation by this invention makes the core which has 
such a defect in the matter which produces the core which has a defect in a crystalline, and has this invention increase, 
and it makes the oxidation state of transition-metals ion increase. The high-voltage endurance of the matter by this 
invention and good recycle nature are **** in the transition metals (for example, nickel3+ of d electronic state) which 
are made to mitigate the distortion effectiveness of Jahn-Teller of common knowledge that it is influential in the crystal 
structure which may contribute to improvement of the oxidation state of a transition-metals cation, and carried out 
stratification among cycling, and have the advanced spin electronic structure especially partially at least. When the 
matter of a transition-metals component and the arbitration which has R-3m symmetric property is doped and a divalent 
cation is made to occupy a transition-metals crystal lattice, it is a fact without misgiving to bring about mitigation of 
distortion of Jahn-Teller and strengthening of the property on electrochemistry. So, this invention points to development 
of the matter which has R-3m symmetric property on the most usual sense, and it is the matter containing a transition- 
metals atomic layer occupied by the divalent cation in some crystal lattices of the transition-metals crystal layer in it. 
[0052] In addition, this invention points to development of the ** eel containing the negative electrode formed by the 
matter developed by this invention, a suitable positive electrode and a negative electrode and a positive electrode, and 
the electrolytic solution that can dissolve. 

[0053] The matter of this invention is characterized by the phasing property of high capacity and a low capacity, the 
endurance of a high electrical potential difference, etc. Clearly, although this matter is high capacity, it exceeds the 
conventional lithium ion negative-electrode matter accompanied by the phasing nature of a high capacity on the engine 
performance. The matter by this invention shows higher improvement in respect of the two way type of capacity and 
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recycle nature again compared with the matter opened to the patent of the United States patent number 5,591,543 so that 
it may inquire below. 

[0054] In addition, this invention relates also to the manufacture process of the quality of a lithium transition-metals 
oxide doped by the crystal. This process usually contains the matter which contained the lithium of a certain amount at 
least, the matter containing the transition metals of a certain amount, and the matter which contains the atom of at least 
one periodic table II group element of a certain amount, and generates a uniform solid-state. The quality of a crystal 
lithium transition-metals oxide of activity which a uniform solid-state is heat-treated by the degree, and contains the 
atom of the periodic-table II group element beyond one or it in it is produced. After the amount of the matter containing 
a lithium, the matter containing transition metals, and the matter containing a periodic table II group's element is 
selected, as for the atom of the periodic table II group in an active substance, a transition-metals atom occupies the 
mainly occupied crystal lattice in the crystal layer of an active substance originally through a manufacture process. The 
approach of generating the solid-state of homogeneity is based on the conventional technique generally known well. As 
the approach, there are churning, gelation, spray drying, solid-state composition, etc., for example. In addition, it is the 
matter developed by this invention, and the negative electrode of an electrochemical eel is formed in the process by this 
invention. 

[0055] The matter by this invention occupies the crystal lattice which a transition-metals atom mainly occupies, before 
doping the dopant of a divalent cation including the lithium transition-metals oxide which has R-3m symmetry crystal 
structure of rhombohedron in the condition of not doping. For example, it is LiNI02 as shown in drawing ! . In R-3m 
structure which carried out stratification, the lithium layer and the nickel atomic layer are inserted between oxygen 
atoms by turns. If it says on the most usual sense, this invention relates to the matter with which the crystal lattice (for 
example, LiNi02 of drawing JL nickel crystal lattice within structure) of some [ at least ] transition metals is occupied by 
the divalent cation. In order to acquire the property whose doped property improved by this invention, the divalent 
cation of a percentage measured about 1-25 and on the basis of all the atomic numbers in the transition-metals atomic 
layer of about three to 1 5 matter desirably must be added. 

[0056] Hereafter, it explains to a detail more. A part of place to which this invention points is quality of a compound 
represented with the following molecular formula.; 

Lil+x nickel 1-y My Nx 02 (1+x) and Lil nickel 1-y My Nx Op - x, and y and p are as above-mentioned The means for 
solving a technical problem having explained in it. It is Lil+x nickel 1-y My Nx 02 (1+x) in the matter according to this 
invention the result of examination of this invention persons at the property on electrochemistry, especially recycle 
nature and the endurance of an electrical potential difference. It is most appropriate as negative-electrode matter of a 
rechargeable lithium-ion battery to have a molecular formula. In the compound of the group, the thing of the following 
molecular formula has a desirable property.; 

1. Lil+x NiNx 02 (1+x) - it is N=Mg and 0.03<=x<=0.25 in it, and 0.07<=x<=0.15 is much more desirable. 
[0057] 2. Lil+x nickel 1-y Coy Nx 02 (1+x) - it is N=Mg or calcium, 0.1<=y<=0.4, and 0.03<=x<=0.25 in it, and 
0.3<=x<=0.15 is much more desirable. 

[0058] 3. Lil+x CoNx 02 (1+x) - it is N=Mg or calcium, and 0.03<=x<=0.25 in it, and 0.03<=x<=0.15 is much more 
desirable at the time of N=Mg. 

[0059] The matter by this invention can be formed in the negative electrode of a rechargeable lithium-ion battery with 
the conventional particle negative-electrode active substance using the process which forms lithium negative-electrode 
structure. The eel by this invention contains in one or the negative electrode beyond it, one positive electrode, and a list 
these negative electrodes and a positive electrode, and the electrolytic solution that can dissolve. By the suitable 
positive-electrode matter of arbitration, it can be used for a rechargeable battery combining the matter which forms the 
negative electrode of this invention, it must be familiarity if such a component and structure of a positive electrode are 
those who ****(ed) on the technique of this direction ~ so much - ********** - although - compound; amorphous 
silicon oxide; which, in addition to this, inserted lithium metal; carbon, Cork, a graphite, suitable carbon-containing 
meterial; aluminum, or a lithium and a transition-metals oxide, a sulfide, a nitride, an oxygen nitride, oxygen carbide, 
etc. are included. The best positive-electrode matter is Cork and a graphite. The eel containing the negative-electrode 
matter by this invention the electrolyte of a liquid known in this suitable direction of arbitration that can be dissolved, or 
a solid-state again so much - ********** ~ although - the polymer electrolyte; solid state ceramic of a solid state 
(solid state) - What presents high lithium ion conductivity and the conductivity of a low electron with glass or a glass 
ceramic electrolyte, For example, lithium borosilica glass, a lithium aluminum nitride, and lithium borophosphosilicate 
(lithium borophosphosilicate); and one sort, or lithium salt beyond it for example, lithium arsenic 6 fluoride (lithium 
arsenic hexafluoride) - lithium phosphorus 6 fluoride (lithiumphosphorous hexafluoride) And lithium fluoric acid salt 
(lithiumchlorate) etc. - the organic solvent beyond one sort or it - It is what was dissolved in the mixture of for 
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example, (ethyl carbonate (ethylcarbonate), dimethyl carbonate (dimethyl carbonate) and diethyl carbonate (diethyle 
carbonate), or such mixture). The electrolytic solution used together with the eel which used Cork and a graphite as the 
positive electrode is a solution of the solvent with which LiPF6 of (i) 1 1.49% weight ratio, the dimethyl carbonate of 
29.39% weight ratio, the mixture of the ethylene carbonate of 59.1 1% weight ratio, and lithium phosphorus 6 (ii)l mol 
fluoride contained the dimethyl carbonate of a weight ratio 55% with the ethyl carbonate of a weight ratio 45% etc. 
[0060] The secondary eel containing the negative electrode formed by the matter by this invention is assembled by 
various kinds of structures of this direction known well. These are constituted a flat, a cartridge, and in the shape of 
SUPIRARU, although not necessarily restricted to this. In the structure of the eel containing the positive electrode using 
Cork or a graphite, it is polypropylene (polypropylene). Or it is good to use the separator made from polyethylene. The 
amount of %s of the lithium in the active substance of a negative electrode is an amount which is sufficient for a counter 
electrode being saturated at the time of charge of a eel among the eel by this invention. A negative electrode and a 
positive electrode must let the electrolytic solution which surely contacts two electrodes pass, and must have the 
capacity which intercalates a lithium ion in the other party. It is Lil.l nickel0.75Co0.25Mg 0.1O2.2 as a good example 
of the secondary cellular structure by this invention. The negative electrode which has a configuration, the positive 
electrode of Cork, and LiPF6 There is a thing containing the separator of the electrolytic solution made into a base and 
the product made from polypropylene. 

[0061] The method of manufacturing the matter by this invention is exact chemistry calculus, offers the chemical 
specified first and creates a uniform solid-state, combining them suitably. It points out that the separation of an element 
required for a chemical which contained in it what is called "a uniform solid-state" here is controlled by the minimum. 
This uniform solid-state is heat-treated after that under the conditions which can perform generation of an active 
substance. Here, an active substance points out the matter which can intercalate a lithium ion in the structure, or can 
solve intercalation in each process of discharge and charge. There is such no property in an inactive substance. 
[0062] Furthermore, the matter by this invention is the solid state of arbitration, or a wet solution (a thing compoundable 
[ with a wet solution (wet solution) ] is pointed out.) in the process based on the chemistry technique of the matter of a 
single gestalt generable with the activity gestalt which has the presentation of this invention within the limits, or a 
multiplex gestalt. The proper approach of generating the matter of this invention is clear to those who knew well about 
the technique about a cell. For example, sol-gel (sol-gel) They are composition of solid states, such as composition, low- 
temperature chemosynthesis, and a solution chemical process, and the solution chemosynthesis approach. As one of the 
techniques, a thing applicable at present is a known proper synthetic approach, does not need too much experiment but 
generates the negative-electrode matter which has the presentation of the activity gestalt for which selects the proper 
parent matter again and it wishes. By the selected synthetic approach, the parent matter is chosen under a room 
temperature and it mixes within a solid state or a liquefied solution. The matter generated by the synthetic approach 
heat-treats the active substance which has the crystal presentation of this invention in it with a single gestalt or a 
multiplex gestalt in a temperature requirement proper for obtaining. 

[0063] Four examples of the approach of explaining in full detail below are suitable for generating the matter of this 
invention. The following examples are not all in it and those who knew well about the technique of this direction of 
countless others have a clear approach. So, it is only presenting explanation, and these examples are interpreted as what 
restricts the range of this invention, and let them be colander things from **. 

[0064] Those necessary in the fusibility chemical containing the number of mols of a necessary element with chemistry 
quantity and it dissolve into a proper solvent or a synthetic solvent, and form the solution of homogeneity. I will 
mention the fusibility compound as an example which can be used for each lithium, nickel, transition metals, and a 
periodic table II group element to Table 2. 
[0065] 
[Table 2] 
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[0066] The identity of a suitable solvent is decided by the identity of a fusibility compound, for example, they are 80% 
water / 20% ethanol, 95% methanol / 5% water, etc. as a possible solvent as water, ethanol, a methanol, ethylene glycol, 
or those combination, for example, each volume, a solution ~ and close to the boiling point of a solvent or a partially 
aromatic solvent ~ it is - it is - it is higher temperature, and it dries, always being agitated. The technique of 
desiccation is chosen from various kinds of known technique, for example, an air-drying, or the vacuum drying 
accompanied by churning. 

[0067] When evaporating one or the solvent beyond it and the chemical to begin combines with homogeneity, the solid- 
state of homogeneity remains. The chemical to begin needs to be combined (combining homogeneously) homogeneous 
to form the matter of a pure single gestalt. The solid-state obtained after evaporation is heat-treated under a proper 
condition, although the active substance of this invention is offered after that. As possible heat treatment, there is the 
approach of heating in about 2 - 10-hour air from about 600 to 850 degrees C. the heated air — quiescence ~ or forced 
circulation is carried out or a fresh air is made to blow into a heating furnace In the stationary air, the method of heating 
the matter at the temperature of 800 degrees C for 2 hours is in such one more example of the heating technique by part 
for heating and 2 degrees-C/of cooling rates. If the other heating technique is those who knew well about the technique 
of the conventional cell manufacture, it must be familiarity. 

[0068] - The gelling method lithium hydroxide (lithium hydroxide) It is made to dissolve in the suitable organic solvent 
combined with the matter completed with the proper parent compound including one or the transition metals beyond it. 
As a solvent, methyl alcohol is good. The chemical containing a necessary periodic table II group element is dissolved 
in water, adjusting a pH value. If required, the chemical will be held in a solution. Other parents of a lithium hydroxide 
are contained in a solution, and the amount is good at extent which can form necessary molar quantity and a chemistry 
count top active substance. The identity of a possible parent compound is the same as that of the case in the agitating 
method. It is mixed, and two solutions are left until gelation takes place. Then, it dries in the rotary evaporator which is 
not a vacuum or a vacuum in a drying furnace, and gel obtains solid matter. The solid-state is processed by the approach 
relevant to the further above-mentioned churning approach, and generates the matter of the activity gestalt by this 
invention. 

[0069] - Mix mechanically the proper parent chemical containing the element of the lithium of the approach necessary 
number of mols of a solid state, and the amount on chemistry count, transition metals, and a periodic table II group, the 
synthetic approach of a solid state — setting — "suitably --**-- the parent chemical considered — for example, - so much 
_**********__ a ith 0U gh w h a t combined one of a nit rate, hydroxide (hydroxide), carbonate, acetate, and the FO 
mates or them is included, the mechanical approach of creating the mixture — ** and a pestle — grinding (milling) by 
with and the attrition mill, and grinding (ball milling) by the ball mill Or it is, and use or the process of other polish 
machines has, and creates uniform mixture. If such machine processes are those who knew well about the technique of 
this direction, they must be familiarity. The created mixture becomes the single activity gestalt or the mixed gestalt 
containing a necessary compound through heat treatment, the approach of the usual heat treatment stood it still — it 
circulates - it is - it is ~ mixture is heated at 600-800 degrees C in the flowing air for about 5 to 20 hours. As an 
example of such heat treatment, mixture is heated for 10 hours by 750 degrees C, 2-degree-C heating for /, and the 
cooling rate. If the other heat treatment approaches are those who knew well about the technique of this direction, they 
must be known. Although based on the powder heat-treated during advance of heat treatment, it is a flash plate (flush). 
Or it is also desirable to carry out whether the atmospheric air in a furnace is exchanged, and to prevent generating of 
dangerous gas according to separation of the charge in a furnace. 
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[0070] - a spray drying method dissolve the initiation matter suitable in the proper solvent containing the lithium of 
the amount on necessary chemistry count, necessary transition metals, and a periodic table II group's element which 
offers a clear solution. The parent matter which can be used, and a solvent are the same as that of them which are used 
by the agitating method. The pH value of a solution is adjusted by addition of organic [ of optimum dose ], an inorganic 
base, or an acid. There is a nitric acid or a hydrochloric acid in an above-mentioned base and an above-mentioned acid. 
A solvent contains the avirulent solvent beyond one or it generally known. A clear solution makes air the letter gas of 
spraying by the spraying nozzle, and ** ON is carried out to the interior of a room held at temperature higher than the 
drying temperature of a solvent. This evaporates a solution, and it lets indoors the air which heated this interior of a 
room from the outside, or was heated pass in order to obtain the dry powder. The dry powder is separated from the gas 
which deploys with a sensation eliminator. After that, the solid-state which it collected is suitably heat-treated at the 
temperature more than decomposition temperature, and becomes an active substance. This heat treatment procedure is 
the same as that of above it of the agitating method, and is good. 

[0071] - The sample of the active substance by electrochemical property this invention is created in some above- 
mentioned procedures, and has a property on the electrochemistry as the negative-electrode matter tested in the 
following procedure. It is acetylene black (manufacture [ MMM Carbon / acetylene black, Super S, and ]) to a powder- 
like active substance. willecbroek.Belgium, The copolymer binder (copolymer binder, Scientific Polymer Products, 
Ontario, ethylene propylene copolymer that carried out partial mixing of 60% of the ethylene made from New York) 
The mixed thing is dissolved in a trichloroethylene (trichloroethylene, Aldrich, **** chemistry class). It is added in the 
solution of a binder, and an active substance and the mixture of acetylene black are agitated until it becomes mud-like. 
Slime is applied on the flake of aluminum and dried in air for 12 hours. In the negative electrode with which the last 
dried the active substance, and acetylene black and a binder, the weight ratio is as follows. That is, it is 81.06% [ of 
active substances ], and acetylene black 7.6%, and copolymer binder 5.34%. The negative-electrode disk of 1cm 2 area 
is punched from the flake to which it was applied, and it is dried at the temperature of 130 degrees C under a pressure 
lower than 0.1 inches of vacuum mercury gages for 12 hours. About the dry negative electrode, it is the ethylene 
carbonate and dimethyl carbonate (the electrochemistry grade, FMC Corp, LithiumDivision) of the positive electrode of 
the piece of a lithium metal, a lithium metal reference electrode, a separator (product of Whatman GF/D, Whatman 
Inc.Haverhill, and Massachusetts), and 2:1 -fold quantitative ratio. It is LiPF6 of 1M in a mixture. It is tested in 3 
electrode eel which consists of the included electrolytic solution. The eel by which the assembly was carried out is 
current density 0.25 mA/cm2 of constant value in the electrical-potential-difference range of 3.1V to 4.4V. 30 cycles are 
tested. The eel capacity of each telophase of a discharge cycle was also calculated. 
[0072] 

[Example] The example of the matter by following this invention is formed in a negative electrode in a procedure shown 
above, is assembled as a eel, and has a property on the electrochemistry tested. I would like you to merely understand 
that these examples are only one representation in the vast scope of this invention. 
[0073] LiNiO.75CoO.25MgO.03 Op generated by the example 1 gel method (2.03< p<2.06) 

A 0.1 -mol lithium hydroxide is dissolved in 30ml water, and a clear and transparent solution is created. Independently, 
it is 0.075-mol nickel acetate (Aldrich, 98%). 0.025-mol cobalt acetate (Aldrich, 99%) It dissolves in underwater 
[ 150ml ] and a violet transparent and dark solution is made. Moreover, the 0.003-mol magnesium hydroxide was 
independently dissolved in the water containing 70% of 1ml nitric acid. And the lithium-hydroxide solution and the 
magnesium-hydroxide solution were added in cobalt and the solution of nickel acetate. The violet dark suspension 
(suspention) which became muddy now was formed. 90ml ethyl alcohol (200proof) was added in this suspension. It was 
sure of addition of alcohol making removal of an acetate groove easy from the solution of acetate by generation of ethyl 
acetate. Since the boiling point of ethyl acetate is low, it is easily removable at the following desiccation step. 
[0074] This suspended violet dark solution was dried at 120 degrees C under the 500mb vacuum for 3 hours. The 
pressure decreased to lOOmb under 140 degrees C after that for 1 hour, and secured perfect desiccation. The procedure 
of this desiccation generated about 20g vitrified hard solid-state with the violet. The 6g powder of one batch of this base 
generated about 2.8g lithium nickel cobalt magnesium oxide through 800-degree-C heat treatment of 2 hours in air. 
[0075] This powder was property-ized by the diffraction of an X-ray, the secondary eel was formed, and the property on 
electrochemistry was evaluated like the above. The diffraction pattern of an X-ray is the matter in which R-3m crystal 
structure of the rhombohedron of a single gestalt is shown like drawing 2 , and the lattice parameter is a= 2. 840 A and c= 
14.100A. The curve which plotted the amount of specific volume of the matter with the function of the number of cycles 
to drawing 3 is shown. In addition in drawing 3 , the amount of specific volume of a compound without magnesium was 
plotted by lithium nickel cobalt oxide (LiNi0.75Co 0.25O2). This LiNi0.75Co 0.25O2 Generation is 
LiNi0.75Co0.25Mg0.03Op used in this example. Although the same approach as generation was used, the hydroxide 
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(magnesium hydroxide) of magnesium is not contained. 

[0076] The lithium nickel cobalt oxide matter containing magnesium according [ drawing 3 ] to this invention shows the 
fact of having a very good phasing property. Although phasing of the matter containing magnesium is 0.1%/only a cycle 
above 30 cycles, the matter which has not added magnesium compared with it shows 0.46%/a cycle. The matter by this 
invention is the same as that of other processes of repetitive composition being carried out in the above-mentioned 
process, and being explained in the following examples. And in each case, if shown in this example, the same necessary 
phasing property is shown. 

[0077] LiNi0.75Co0.25N0.3 Op generated by the example 2 gel method (2.03< p<2.06, N=calcium, Ba or Sr) 
The lithium nickel cobalt oxide matter doped with calcium, barium, and strontium was compounded in the procedure of 
the above-mentioned example 1 using 0.1 mols a lithium hydroxide and monohydrate (monohydrate), nickel acetate and 
4 0.075 mols hydrate (tetrahydrate), cobalt acetate and 4 0.025 mols hydrate and the 0.003-mol calcium hydroxide, the 
barium hydroxide, or the strontium hydroxide as starting matter. Then, it dried with the rotary evaporation method and 
the obtained gel received 800 degrees C and heat treatment of 2 hours in air. It turned out that addition of calcium serves 
as matter of a single gestalt by the X-ray diffraction pattern obtained from powder, and addition of strontium and barium 
has only the impurity minimum in the form of a hydroxide (hydroxide; hydroxide). As, as for the X-ray diffraction 
pattern which received from the matter containing strontium and barium, a property grid parameter and a peak intensity 
ratio showed dissolving into the grids structure of the active substance of strontium and barium to drawing 4 , it was 
sure of contributing to an improvement of the cycling action of a compound. Reduction of the capacity of the matter by 
which the matter doped with calcium and strontium was slightly doped with 0.3 %/a cycle and barium by reduction in 
capacity was 0.4%/a cycle. 

[0078] LiNi0.75Co0.25Mg0.03Op generated by the example 3 spray-drying method (2.03<-p<=2.06) 
Nickel (II) acetate and 4 0.15-mol hydrate (Aldrich) Cobalt (II) acetate and 4 0.05-mol hydrate was dissolved in the 
220ml methanol. Independently, it is a 0.2-mol lithium hydroxide (Aldrich). It dissolved in the 100ml methanol. 
Moreover, independently, the 0.006-mol magnesium hydroxide was dissolved in 400ml water together with 2ml 70% 
nitric acid, and the solution of founding was obtained. The lithium-hydroxide solution was added in the methanol 
solution containing cobalt and a nickel chemical at the degree, and the precipitate by remelting was generated after 
churning for 20 minutes. Before performing spray drying, the water solution of a magnesium hydroxide was added in 
the methanol solution which contains the chemical of a lithium, cobalt, and nickel by suitable chemistry computational 
complexity. Spray drying of the clear solution obtained at the end was carried out using the facility possessing the 
following parameter. 
[0079] 

Peristaltic-pump rate (Periataltic pump rate): 12-13 ml/min 

letter gas of spraying: ~ temperature [ of the heating air for compressed-air desiccation of 1.5 kgf/cm ]: - 230-degree-C 
aspirator speed (Aspirator speed): ~ 70- 100 L/min 

In order to offer an active substance, the generated powder was heated in the stable air by heating and the cooling rate of 
2 degrees C / min for 2 hours by whenever [ heat 800-degree C coke-oven-temperature ]. The advantages of the above- 
mentioned process are a convenient high specific surface area for composition, the size distribution of a constriction 
particle, and the size of a small crystal. 

[0080] This heated powder was property-ized by X-ray diffraction, and after being formed in the negative-electrode 
matter of a rechargeable lithium-ion battery in the above-mentioned procedure, the engine performance on that 
electrochemistry was evaluated. The X-ray diffraction pattern and cycling action were respectively shown in drawin g 5 
and dxawing_6 . The X-ray diffraction pattern of dr awin g 5 presents R-3m structure in which the property of the matter 
of a single gestalt carried out stratification. Drawin g 6 is LiNi0.75Co0.25Mg0.03Op by this invention. With very good 
cycling stability, the matter presents the fact of only reduction of the capacity of 0.1 %/a cycle slightly above 30 cycles. 
[0081] LiNi0.75Co0.25Mg0.03Op compounded by the example 4 solid-state-ized method (2.03<=p<=2.06) 
A lithium hydroxide and monohydrate (monohydrate) (chemical formula weight = 41 .96 Aldrich) were ground for 10 
minutes by ** made from a pestle and an alumina at first, and fine powder was obtained. And 0.0066-mol magnesium 
hydroxide (chemical formula weight = 58.33 Aldrich) It adds to lithium-hydroxide powder and grinds for 5 more 
minutes. 0.165-mol nickel hydroxide after mixing and grinding a lithium hydroxide and monohydrate, and a magnesium 
hydroxide careful (II) (chemical formula weight = 92.73 Aldrich) 0.055-mol cobalt hydroxide (II) (chemical formula 
weight = 92.95 Aldrich) Mixed polish was added and carried out for further 1 5 - 20 minutes, and the powder of 
homogeneity was generated. The acetone (30ml) was added to this powder, and after mixing by the spatula and making 
it the shape of a paste, it put into the crucible of aluminum and heat-treated. In air, this powder collected the patterns 
which carried out diffraction through the X-ray on it, after being heat-treated at 750 degrees C for 2 hours. 
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[0082] In the procedure of said example, the negative electrode of a lithium secondary battery was formed and the 
engine performance was tested. The stability of the pattern which carried out diffraction through the X-ray of the matter, 
and cycling is shown in drawin g 7 and drawing 8 . The pattern which carried out diffraction through the X-ray of 
drawing 7 shows the physical properties of the single gestalt which has the crystal structure, and it is the same as that of 
the matter manufactured in the parenchyma top example 1 . This matter shows the very good cycling stability of about 
0.08%/a cycle. 

[0083] By the pure matter of matter this invention of this invention by which example 5 magnesium level differs The 
presentation of a chemical formula (1), and Lil.03nickel0.75Co0.25Mg 0.03O2.2, Lil.05nickelO.75CoO.25Mg 
0. 0502.10 and Li 1.0 nickel0.75Co0.25Mg 0.1O2.2 Formation of the gestalt which it has being proper -- chemistry — 
count ~ a top - an amount ~ having a compound — LiOH - nickel - (-- OH — ) ~ two — Co — (— OH — ) ~ two — Mg 
- (-- OH --) ~ two It is used and completed. Those compounds are made in a furnace by being heated under 750 
degrees C for 5 to 10 hours, after grinding and mixing with a pestle by **. After especially a furnace (Lind berg Model 
51524 box furnace) is heated to 2 degree-C/min.750 degree C and is held at the temperature (750 degrees C) for 10 
hours, it is cooled to whenever [ room air temperature ] by 2 degrees C / min. In a fiirnace, the stationary air is used at 
the time of heating. Powder is fixed on the crucible of the aluminum oxide in a furnace (aluminum oxide), and is heat- 
treated. 

[0084] Matter [ Mg / Mg and / 0.05 ] 0.03 And MgO.l The pattern by which diffraction was carried out through the X- 
ray is respectively shown in drawing 9 (a), drawing 9 (b), and drawing 9 (c), and shows the property as pure gestalt 
matter within the R-3m array of rhombohedron. As for the character of the pure gestalt of the matter, a divalent 
magnesium cation occupies not the crystal lattice of a lithium but the crystal lattice of transition metals, that is because 
equality of the number of crystal lattices of a lithium is carried out to nickel, cobalt, and the sum of that of magnesium 
and it is. 

[0085] The same process as generation of the now above-mentioned pure gestalt matter is used for the composition of 
the lithium nickel cobalt oxide matter doped with three kinds of different magnesium which has the presentation of the 
above-mentioned general chemistry type (II) by this invention. The difference of three sorts of compounds is related 
with the contents of magnesium, and is a chisel. The amounts of a different reactant used to generate the nominal 
presentation (nominalcomposition) of these matter and each matter are enumerated to the following table 3. 
;0086] 
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[0087] The pattern shown by the diffraction of the X-ray of each matter shown in Table 3 is the same as that of it of the 
matter generated in the example 1 with the two properties of the single gestalt matter. The amount of specific volume in 
the case of exceeding the discharge - recharge cycle of 30 of these three sorts of matter is shown in drawing 1 0 . The 
capacity of the matter is reduced according to the increment in the content of magnesium. However, the stability of 
cycling is maintained. Although it is shown that the stability of drawing JO of capacity improves according to the 
increment in the content of magnesium, it is the increment in the content of magnesium and the absolute value of 
capacity is reduced. When phasing of the capacity per 1 cycle is 0.1% when the ratio of magnesium is 0.05 or 0.1, and 
the ratio on chemistry count of magnesium is 0.2, phasing of capacity is only 0.04% per 1 cycle. 

[0088] Property-ized Peled et al of the matter by this invention which furthermore progressed In the United States patent 
number 5,591,543 of publication, they are Lil-x Qx/2 ZOm. The group of the composed lithium ion negative-electrode 
matter was exhibited. In it, Z is the transition metals selected from cobalt, nickel, magnesium, iron, vanadium, etc., and 
Q is a periodic table II group's element selected from calcium, magnesium, strontium, and barium, and m takes the value 
of 2 or 2.5 with the identity of Z. The artificer of a patent of the United States patent number 5,591,543 is Lil-xQx / 2 
Z02. Some divalent cations in the matter occupy the lithium crystal lattice in a crystal lattice, and some divalent cations 
are carried in the matter in the form of oxide and carbonate, and in case it is cycling of a cell, it is interpreting [ acting 
the drying agent of the electrolytic solution, and ]. 

[0089] The unique property of the matter by this invention becomes clear immediately from the configuration of the 
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different atom compared with the matter of a patent of the United States patent number 5,591 5 543. Moreover, although 
all or some periodic table II group additives occupy the crystal lattice of the transition-metals layer in the matter by this 
invention, according to explanation of the artificer of a patent of the United States patent number 5,591,543, the additive 
of the patent matter occupies the crystal lattice of a lithium layer, this invention person does not have phasing with the 
remarkable matter, and it was shown that it can charge to 4.4V. It is only that the matter of a patent of the United States 
patent number 5,591 ,543 can carry out a cycle to 4.2V. This difference of 0.2V is remarkable. If it becomes what, the 
difference of 0.2 V makes the difference of the amount of specific volume of 30 mAh/g produce, and a higher capacity 
and a higher electrical potential difference mean the energy density of the practical higher matter, for example. The 
result is remarkable also although it is called the small improvement in 10 mAh/g. In the case of the compound which 
carried out stratification, the curve of electrical-potential-difference pair charge is comparison top flatness in a curved 
high electrical-potential-difference edge typically. And in improvement to 30 mAh/g, this invention is finished at least. 
[0090] The matter by this invention has a pure gestalt on parenchyma again. A periodic-table II group's metallic oxide 
or the impurity of carbonate is mixed in the matter by patent of the United States patent number 5,591,543 against it, 
and according to explanation of the artificer, the cycling action of the matter is regarded as the appropriate sake of the 
desiccation result of the electrolytic solution by the impurity, this invention persons conclude that existence of oxide and 
a carbonate gestalt is not required for achievement of the improvement in a recycle object of the active substance of this 
invention. Instead of it, it is sure of the stability on the structure of the gestalt of the active substance of this invention 
about the property on the electrochemistry of the matter, this invention persons make comment [ have / compared with 
the latter / the former / far remarkable improvement ] again as compared with them of a patent of phasing of the 
capacity of the matter, and capacity by this invention of the United States patent number 5,591,543. 
[0091] As a result of the following examples' 6-10 comparing the matter by this invention, and the matter open to a 
patent of the United States patent number 5,591,543, it checked that there was a difference like the above. 
[0092] Compound Lil.05nickelO.75CoO.25Mg 0.05O2.10 by example 6 this invention, and Lil.10nickelO.75CoO.25Mg 
0.1 02.2 After being compounded using the process of a solid state, it was analyzed chemically (setting to Gal braith 
Labs Inc), and the number of mols of the oxygen in the matter, nickel, cobalt, and magnesium was determined. Before 
analyzing, each compound was dried at 1 50 degrees C under the vacuum for 3 hours. The results of analysis were 
enumerated to the following table 4. Table 4 has pointed out that the number of the crystal lattices of the oxygen in each 
compound is generally equal the twice of the sum of the number of crystal lattices of nickel, cobalt, and magnesium. It 
is Lil+x nickel 1-y MgNx 02 (1+x) of this invention of a parenchyma top and the whole periodic table II group now. 
The cation added to the matter checked occupying not the crystal lattice of a lithium but the crystal lattice of transition 
metals. 
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[0094] Matter Lil.05nickel0.75Co0.25Mg 0.05O2.10 by example 7 charge and discharge curve this invention, and 
Lil.10nickelO.75CoO.225 Mg 0.1O2.2 Charge and a discharge curve are shown in drawin g 1 1 . Current density A/cm2 
of lOmicro This curve was obtained by the fixed current and the test cycle between 3.1 to 4.4V. Since the current value 
is small, as shown in the following formula, the electrical potential difference measured with the electrometer must be 
close to ah open-circuit electrical potential difference. That is, when very small, as the electric resistance I of the current 
R= matter which passes along the Vdetected=Vopencircuit+IRI= matter shows Vdetected=Vopencircuit drawin g 1 1 , 
according to the increment in the amount of magnesium, a voltage level becomes large also with the content (shown in 
the X-axis) of the same lithium. The oxidation state of the cation of transition metals increases by increasing the 
divalent cation added in this invention matter so that the measured electrical potential difference may reflect this relation 
(V 3.8 when [ for example, ] it exists in nickeD+LiNi nickel4+ it is Ni02 when it exists in inside 4.5 V). The oxidation 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/3/2004 



Page 14 of 18 



state of transition metals increases, only when a divalent cation occupies the crystal lattice of transition metals. 
Therefore, it is matter Lil+x nickel 1-y My Nx 02 (1+x) of this invention that it can check further by this drawjngJJ . 
An inner divalent cation is occupying the crystal lattice of transition metals. 

[0095] Matter Lil.03nickel0.75Co0.25Mg 0.03O2.06 by content this invention of the divalent cation in a negative 
electrode before and behind example 8 cycling, Lil.05nickelO.75CoO.25Mg 0.05O2.10, And the content of the 
magnesium in the negative electrode formed from Lil.10nickelO.75CoO.25 Mg 0.1 002.20 cycling order - energy 
dispersion spectral-analysis method (energy disperdive specrtoscopy, EDX) The magnesium content of a test, the 
negative electrode before cycling, and the negative electrode tested in other 30 cyclings (30 charge and discharge) is 
measured and determined. The result of EDX is shown in Table 5. The loss of a magnesium content was hardly 
accepted in the negative electrode with which it was doped after cycling. Such a result suggests not losing a periodic 
table II group's element in cycling. In contrast, the matter of a patent of the United States patent number 5,591,543 is 
alkaline earth carbonate (alkaline earth carbonate) which a periodic-table II group's element dissolved into cycling. In 
the form of oxide, there is a property of the operation mode of disappearing in the electrolytic solution. 
[0096] 
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[0097] The magnesium content in the electrolytic solution before and behind cycling of the rechargeable battery which 
used the negative-electrode matter enumerated to the divalent cation content table 5 in the electrolytic solution before 
and behind example 9 cycling (LiPF6 of 1 1 .49% weight ratio, dimethyl carbonate of 29.39% weight ratio, and ethylene 
carbonate of 59.1 1% weight ratio) is measured to ppm level with a method of chemical analysis. The result is shown in 
Table 6. In the negative electrode itself, the difference of the magnesium content in the electrolytic solution can hardly 
be accepted after cycling. The result of having tested the electrode after 30 cycles is also ****. By this result, it is matter 
Lil+x nickel 1-y My Nx 02 (1+x). The inner transition-metals crystal lattice was occupied with magnesium and other 
divalent cations among cycling, and it was checked that it is not extracted from a negative electrode to the electrolytic 
solution. 
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[0099] As shown in Table 6, although an increment slight to the magnesium content of the electrolytic solution is seen, 
if it does not originate in the negative-electrode matter, it will be believed after cycling. It is not thought related to 
improvement in the recycle nature of the tested matter that excessive magnesium exists in it in the electrolytic solution 
among cycling. First, if the original (initial) magnesium content in the electrolytic solution does not have addition of a 
divalent cation, it cannot remove the phasing property of the matter. Next, the increment in the magnesium content by 
the negative-electrode matter from the start is size on parenchyma from the increment in the small amount measured by 
the chemical analysis, for example, Lil.O nickel0.75Co0.025 Mg 0.1 002.22 a case - a test cell — having used it - the 
electrolytic solution — weight was 1 .0753g and the weight of a negative electrode was 0.01 12g. The weight of the 
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magnesium in 4.7883x1 Og and an active substance of the weight of the activity physical properties in a negative 
electrode should be about 1.1025xl0g. Supposing all of magnesium sink in in the electrolytic solution, the weight of the 
magnesium measured should be set to about 102.53 ppm (1.1025xl0-4g/1.0753g). The weight difference in the 
electrolytic solution of the magnesium before and behind cycling is 1.4 ppm slightly, and they are about 1% of all the 
magnesium contents of the negative-electrode matter, so, the magnesium which moves from a negative electrode to the 
electrolytic solution among cycling there is also nothing — it is same. 

[0100] The increment in the slight magnesium with which this invention persons were measured believes with what is 
within the limits of a test error. If the increment in the magnesium in the electrolytic solution does not depend all on a 
test error, the source (source) of excessive magnesium will be a part for the structured division of the eel probably 
assembled. The detergent containing one sort or the magnesium compound beyond it washes it for reuse. 
[0101] As explained to the patent proposal of the United States patent number 5,591,543, the artificers of this proposal 
believe that that the compound of a periodic table II group element dissolves into the electrolytic solution during charge 
raises the cycling action of the matter exhibited by the patent. The above-mentioned result has change of the magnesium 
content in the eel by this invention which carried out the repetitive cycle within the limits of an experiment error, and 
shows that it is not for a divalent cation to secede from a negative electrode and to dissolve in the electrolytic solution. 
So, the improvement in the capacity of the matter of this invention is not for the dissolution of group ion, and it will be 
rather based on the stability on structure with which the matter of this invention was strengthened. 
[0102] The weight loss of the ** term matter in TGA analysis heat treatment of an example 10 weight loss is used for 
the crystal lattice of this invention matter deciding the amount of the location occupied by the divalent cation. In this 
invention, if magnesium ion occupies the crystal lattice of nickel or cobalt, based on theoretical atomic crystal grid ratio 
Li:nickel(or Co):0=l : 1 :2, the oxygen on chemistry count will become twice the sums, such as nickel, cobalt, and 
magnesium, and will become twice a lithium. On the other hand, if the cation of magnesium occupies the crystal lattice 
of a lithium, the oxygen on chemistry count will become only the sum of nickel and cobalt like a patent of the United 
States patent number 5,591,543. According to the patent of the United States patent number 5,591,543 in the reason, the 
amount of a lithium must be permuted by the divalent cation based on the balance of charge. That is because two 
lithium ions are permuted by divalent cation like one magnesium. If nickel:Co:Mg=0.75:0.25:0.1, when all magnesium 
cations are located in the crystal lattice of nickel (or cobalt) as a case on explanation, a chemical formula is 
Lil.10nickelO.75CoO.25Mg 0.1O2.2. It becomes. Supposing all magnesium cations occupy a lithium crystal lattice 
corresponding to it, it is based on crystal-lattice ratio charge balance, and it is proper chemical formula 
LiagNiO.75CoO.25Mg 0.1 02. It becomes. So, LiOH-H2 O, nickel (OH)2, and Co2 (OH) And Mg2 (OH) A solid state 
method is chemical formula Lil.10nickelO.25CoO.25Mg 0.1 02 which this invention proposes as a compound at the time 
of initiation. It should become effective. A solid state method is the compound and compound 

LiO.80nickelO.75CoO.25Mg 0.1 02 of a patent of the United States patent number 5,591,543 again. It is magnesium of 
0.1 in the molar fraction of the atom of the divalent cation dopant of the latter compound which should present the 
difference in the structure of a between. 

[0103] Generating of a theoretical weight loss while compounding two sorts of compounds is calculated by the 
following approach. Lil.10nickelO.75CoO.25Mg 0.1 02.2 receiving — it — one ~ a mol - compounding — for - the 
theory -- a top — for example, - 1.1 - a mol - LiOH-H - two - O — 0.75 - a mol -- nickel - (- OH --) - two — 0.25 - 
- a mol ~ Co - (- OH --) - two And 0.1 -mol Mg (OH)2 It needs, namely, 1.1 LiOH-H2 O+0.75nickel(OH)2+0.25Co 
(OH)2+0.1Mg(OH)2+ heat treatment-LiO.80nickelO.75CoO.25Mg 0.1 02 - at the reaction, at the time of initiation, 
144.78g of matter should estimate 28.16% of weight loss on the theory and count, and it should have a 104.015g 
product. 

[0104] Li0.80nickel0.75Co0.25Mg 0.1O2 receiving - the same reaction 0.1O2, i.e., 0.8 LiOH-H2 O+0.75nickel(OH) 
2+0.25Co(OH)2+0.1Mg(OH)2+ heat treatment-LiO.80nickelO.75CoO.25Mg, - the matter generates 96.302g synthetic 
compounds theoretically in this case at the time of 132.1 88g initiation, and the weight loss on count becomes 27.15%. 
[0105] The two above-mentioned reactions were carried out in the laboratory, and plotted the weight loss of operation 
measured by theory-of-heat-gravimetric analysis (TGA) to drawing 12 . All actually produced weight change was 
adjusted and enumerated to the following table 7 between the compound at the time of initiation, and the product at the 
time of last. 
[0106] 
[Table 7] 
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[0107] The result depended on TGA enumerated to Table 7 is matter Lil.10nickelO.75CoO.25Mg 0.1O2.2 of this 
invention. The accuracy of a chemical formula was affirmed. TGA analysis is LiO.80nickelO.75CoO.25Mg 0.1 02 of a 
patent of Lil.10nickelO.75CoO.25Mg 0.1O2.2 of this invention, and the United States patent number 5,591,543 by 
measurement of the weight loss from which it differs under heat treatment again. It searched for the difference in the 
structure between both matter without the doubt. By checking the chemical formula of the matter, the location of the 
difference in a weight loss or the divalent cation of the matter can also be checked. And the location of a divalent cation 
was also influenced by the amount of the lithium added as matter at the time of initiation by TGA analysis, consequently 
the difference in the structure between both the matter by patent of this invention and the United States patent number 
5,591,543 was ensured. 

[0108] The graph of drawin g 13 shows the engine performance on the electrochemistry of matter 
Lil.03nickelO.75CoO.25Mg 0.03O2.06 examined in the comparison example 5 of the example 1 1 electrochemistry 
engine performance, Lil.05nickelO.75CoO.25Mg 0.05O2.10, and Lil.10nickelO.75CoO.25Mg 0.1O2.20. Three kinds of 
matter shows very good recycle nature and a high capacity (150 or more mAh/g). 

[0109] example 12Lil.l5NiMg 0.1 502.3 composition and an electrochemistry property - solid state processing of the 
former as mentioned above — the time of initiation — matter LiOH-H2 O and nickel (OH)2 Mg (OH)2 It was used for 
compounding the matter of this invention from chemistry computational complexity. After being ground and mixed 
with the matter, pestle, and earthenware mortar at the time of initiation, it is heated at 800 degrees C in the air in a 
furnace on alumina crucible for 10 hours. 

[0110] The electrochemistry property of this matter is indicated to be drawing 14 to 15. The function of the number of 
capacity cycles of the matter showed dra wing 14 . According to this drawing, phasing of the matter is not carried out in 
30 cycles to begin. It cannot be said as a phenomenon normal as LiNi02 non-doped (namely, LiNi02 without a periodic 
table II group's element). Matter LiNi02 which had a periodic table II group's element added LiNi02 which does not 
have it added In order to search for the difference between both, dQ/dV of drawing 15 and each matter of 16 was shown 
as a function of V (potential of a eel). At drawing 15 , it is this invention matter Lil .15NiMg 0.15O2.3. It is the matter 
LiNi02 which is not doped [ which it expressed the thing of the matter in cycling which no change of a gestalt is in any 
way, and was shown in drawing 1 6 by showing the curve of the dQ/dV pair V ]. Among cycling, if it contrasts with 
gestalt change taking place, it will turn out that there is a difference remarkable among both. 
[01 11] Example 13Lil.10nickelO.75CoO.25Mg 0.10O2.2 Matter Lil.10nickelO.75CoO.25Mg 0.10O2.2 of 
electrochemistry engine-performance this invention The test cell which the electrochemistry eel containing a negative 
electrode, Cork, or a lithium positive electrode consists of with the above-mentioned procedure and which consisted of 
this method was tested under several sorts of following different experiment conditions. 

[0112] It is the test cell which contained the Cork positive electrode by the 1st test among 3.1 to 4.4V Current density 
0.50 mA/cm2 50 cycles were tested. The capacity of a eel was plotted with the function of the number of cycles to 
drawing 17 . The drawing shows the ******** of the life of the electrochemistry eel containing the matter of this 
invention. 

[0113] It is the test cell which contained the lithium positive electrode by the 2nd test among 3.1 to 4.6V Current density 
0.5 mA/cm2 50 cycles were tested. The capacity of a eel was plotted as a function of the number of cycles to drawing 
18 . the time of the cycle of the eel in which the drawing contained the matter of this invention being carried out by the 
high voltage — **** — it is few or having the best electrical-potential-difference endurance is completely shown without 
phasing. 

[01 14] It is the test cell which contained the lithium positive electrode by the 3rd test among 3.1 to 4.4V 2.0 mA/cm2 
1 00 cycles were tested. The capacity of a eel was plotted as a function of the number of cycles to drawing 19 . Even 
when the cycle of the eel in which the drawing contained the matter of this invention is carried out to ultra with high 
current density, it shows that good recycle nature is maintainable. A test cell can charge or discharge completely in 15 - 
20 minutes. It is generally equivalent to C-rate of 4C. Generally such high performance cannot be easily accompanied 
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by high capacity and good recycle nature with such unusually high current density. So, the group of the matter by this 
invention carries out a lithium cell, and if much more possible, it closes the application to an automobile. 
[0115] Chemical formula Lil+x nickel 1-y MgNx 02 (1+x) (formula I) usual in the above-mentioned example checked 
the effective thing to one group of the matter of this invention. In addition, as for the above-mentioned example, it 
checked that the divalent cation in the conclusion on this invention persons' theory, i.e., a specific group's (formula I) 
matter, occupied the crystal lattice in the transition metals of the crystal lattice of the matter, and it was different from 
the matter of a patent of the United States patent number 5,591,543 in a chemical formula, structure, and an 
electrochemistry property etc. 

[0116] The 2nd group of this invention matter who has chemical formula Lil nickel 1-y MgNx Op (formula II) differs 
also from matter Li 1-y Qx/2 ZOm of a patent of the United States patent number 5,591,543 again (formula III). The 
chemical composition represented with three chemical formulas also differs. Formula I — setting — the number of 
lithium atoms - nickel and "M" - the sum of the atomic number of transition metals and an "N" periodic table II group 
- a phase — it is equal In a formula, the atomic number of the "N" periodic table II group to whom the number of 
lithium atoms spreads a phase etc. on the sum of the atomic number of nickel and "M" transition metals is the 
independent parameter. In Formula III, there are few lithium atoms always than the number of "Z" transition-metals 
atoms (Z is nickel, cobalt, manganese, two pieces, or the combination beyond it), and it depends for the number of ,f Q" 
periodic-table II group A atoms on the number of lithium atoms. 

[0117] To the electrochemistry property of the above-mentioned matter, the matter of Formula I usually shows the best 
engine performance, and the matter of Formula II ranks second to it. As shown in drawin g 20 , for example, the matter 
(it has presentation Liexpressed with -O- and -**-, respectively 1.10nickel0.75Co0.25Mg 0.10O2.2, and Lil 
nickel0.75Co0.25Mg0.10Op (2.1<=p<=2.2)) of the formulas I and II of this invention Compared with the matter (it has 
presentation Li0.8 nickelO.75CoO.25Mg 0.10O2.0) of Formula HI in a patent of the United States patent number 
5,591,543, improvement remarkable in the amount of specific volume is accepted. 

[0118] The locations occupied by the divalent cation also differ within the matter of Formulas I, II, and III. For 
example, in Formula I, the number of oxygen crystal lattices is twice the number of lithium crystal lattices, and is twice 
the sum of the crystal lattice of a nickel +"M" transition-metals +"N M periodic table II group element. In Formula III, the 
number of oxygen crystal lattices is twice the sum of the crystal lattice of nickel + "M" transition metals. The lithium 
crystal lattice in Formula III is occupied by the vacant lattice of crystal-lattice +X/2 of the "N" periodic table II group 
atom of lithium +X/2 of (1-x) (empty lattice). In Formula II, the number of oxygen crystal lattices is not correctly 
presumed from a nominal chemical formula (nominal formula). The number of oxygen crystal lattices will be 2 (1+ 
(X/2)), if it presumes, and X/2 of "N" periodic-table II groups' cation occupies a lithium crystal lattice and X/2 of 
periodic-table II groups' cation occupies a transition-metals crystal lattice, respectively. Or the number of oxygen crystal 
lattices will be set to 2 (1+X), if all periodic-table II groups' cation occupies a transition-metals crystal lattice and it 
leaves the lithium vacant lattice of X. Even if it makes it which case, X/2 of "N" periodic table II groups' cation 
occupies the crystal lattice of the transition-metals layer in the matter of Formula II at least. And the cycling property of 
the matter of Formula II is considered to be the result which a periodic table II group's cation fixes on a transition- 
metals crystal lattice by present pursuit. 

[01 19] Therefore, the matter limited by the formulas I and II of this invention is general formula Lil+xNil-y MyNx Op. 
It is thought that it is contained in a single group's matter. 

[0120] ;N as which M is chosen from titanium, vanadium, chromium, manganese, iron, cobalt, and aluminum among a 
formula Magnesium, When;0 <=X<=Z;2 (l+Z/2) <=P<=2(1+Z);M chosen from calcium, strontium, barium, and zinc is 
cobalt or manganese, When 0 <=y<=l;M is titanium, vanadium, chromium, or iron and 0 <=y<=0.5;M is aluminum, 
When y<=0.4;N is aluminum or calcium and 0 <=Z<=0.25;N is strontium, zinc, or barium, It should not think that the 
example of a comparison of this invention matter of the 0<Z<=0.1 above and them of a patent of the United States 
patent number 5,591,543 is exhausted now, but it is believed among various matter that many remarkable differences 
exist in addition. 
[0121] 

[Effect of the Invention] Therefore, it added to the transition-metals crystal lattice in the transition-metals oxide which 
presents R-3m structure which carried out the stratification of the periodic-table II group element of the already 
restrained optimum dose and which lithiated, and this invention persons got the matter with the new cycling action and 
other useful new electrochemistry properties which improved. The above-mentioned example of the matter by this 
invention made magnesium the dopant of a divalent cation on the principle, and used nickel and cobalt as transition 
metals. Anyway, by the lithium of the optimum dose on chemistry count, and addition of transition metals, this divalent 
cation occupied the transition-metals crystal lattice in R-3m, and, as for the range of this invention, addition of these 
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divalent cation was taken into consideration again. Especially the interchangeable property of magnesium, calcium, 
strontium, and barium is clear. Equivalent advantageous effectiveness is produced on the parenchyma which adds them 
to the matter of this invention. Titanium, vanadium, chromium, manganese, iron, cobalt, and aluminum can also guess 
the compatibility transition metals and in principle. There is a compound of the United States patent number 5,264,201 
as such a proof of compatibility. 

[0122] Although many modification can be added about this invention if it knew well about the technique of this 
direction, it cannot deviate from the range and pneuma of this invention. Therefore, the claim written in addition is 
limited to neither the above-mentioned specific example nor other explanation, and the claim should summarize rather 
the description in which all patents of this invention are possible. It should be considered by it that the description 
acquired by the above-mentioned modification is also equivalent. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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#*&*ig©L iMn 2 0 4 ) , 'J A • -s>*7W • * 
K(LiNiO,) *5j:0«y^^A • h • 

K (LiCo0 2 ) tiZ&hi. ZfibtoWn 
±n\i±.%)<» y f- t j*4 *v © pTijett F7^7r-i; 
itjma-TSo Scmoyf-^^^f 1 , yrv 

* y LX4 \y— 

LT, ig^mjE (3. 8~4V*T0 SfcflS^ 



[000 7] aiirL iMn 2 0 4 . L i N i O z *>£ 

tfLiCoo 2 <Dg.m®)'g;<o^*/i'*r-!g&*mmL 

fc„ jESgirtta-^^fflU rixHk.BrandtftWSoli 
d State Ionics 69 (1994) , f?173~183H4») 

tettutt>©t?*>3. *in»iBi^n. yiM^n*, 

hfc4tf-$©«Mgft'#»£ii;B$ft£&8? 

[0 0 0 8] 

[*1] 



as 


(Wh/kg) 


9 ML 






UCoO> 


276 


a 


s 




LiNiOa 


321 




f 


m 


LlMruO. 


305 









[0 0 0 9] =«©«!(©© «K L iMn 2 0 4 HiN 
i0 2 14, 9ie>!M£*i6=*h:iM6<. SMM5JfeK*tt- 
5Ifl)LiCo0 2 KJfc^T&V. UlLiMn 2 

o 4 h i n i o 2 ©y-y--r^/wff^©^stt(4. 4-h 

rtl^©iSffl4r»JPS1-So t)LLiMn 2 0 4 tLiN 

i o 2 ©yf-^^yH4^iRi±-ct *vi4\ i&niMf«>y 

Co0 2 K4tt>*^rift#&i'*& %5&&v\ 
[ooio] y^>>A^^fi»ftft*»bR3f$nfc, 

&chZz\tib&ft<nK%ZW»to-tz>z\bX'bz> <> ht> 

mXit, MX-tf. K-^S*UCV^flI-&», LiMn 2 O 
4 , L i N i 0 2 feiTJtL iCoO, ©fb^tr#_h©# 

[0 0 1 1 ] R. J. Gunmow et al, ©Solid State Ioni 
c (69), I59~6 7HtCg«$;ftfc " Improved Capa 
city Retention in Rechargeable 4v Lithium/Lithium- 
Manganese Oxide (Spinel) Cell " KSS© V *f-*f 
L i Mn 2 0 4 KgsaOLT, ^K©f-^ ^ 'J WTHk* 
(Rj±**5rtSr^UT^5. ^©##Xi»{4ife, 
■7^->^Afc5V^t4ffiSi«rL iMn 2 0 4 t^SsSPL 

r, -^©-7^^!>A©(t3ii:i-tii4-y--r^y 
*>, w©*'C ^ y >^tt©ssjg«»4iRi±i-a*s, 

^V^A^V^S-K-T'LfcL iMn 2 0 4 ©^ 
)V (Spinel) ifelK©lt^S{4/h$ <, 90~105mA 
h/g©©Hrt(C$,3 0 

[0 0 1 2] 2 6 4, 2 0 1(C^M$ 

^ y V^S^aSr^aftKttSL i x N i 
OT-ft*$tl. ^"©^xl4^0. 8tl. 0 
WfcfcD, M(41^fcf4l61±©^/^h, 
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V (titanium), -vsHV (manganese), (chrom 
iumh HXXfy<i-'J^J^ (vanadium) T\ y^O. 2, 

i N i O z roi-^, *»±IE#)5cy^!j'At3l»±#8# 

S©IBK:affii-5. fl;^fr1?±©y^A#o. lit) 

lt> y^^AH^CD-O'^-^U-v'g^OiSii (de 
intercalation) ^MUt^S. *ffl#?FS^-5, 2 6 
4, 2 0 1 ©#ff ©38IE#r±, x fc±B<D«HlCflM*f 
ftff, = y ^/i-JBi^© ftteHK-L 'J * Acor-T • ■< v 
V-U v-i/m v©ifeft£^$it5ai;:f*jSA£*v& 
V^^LT^S. *i#^#-§-5, 2 6 4, 2 0 1© 

®mo7FVk-tz> t z 5©n/£ofc<fc¥ff*±©g&i:fa 

Sli, fesmSi&L i N i 0 2 #?S^5(6]±?rM^U 
-Cl^3;4\ [P]±$nfcfeR«, *fc*L i Co0 2 $S© 

fc, #HfS!*#-§-5, 2 6 4, 2 0 l©#fr©fe»fcK 

10 0 1 3] *H^W##5, 5 9 1, 5 4 3IC1&MS 
L i ,_ x Q x/2 zo m ^iy-S-fifcSftSy^? 

v^v-^A. ^Fnyfi)A (Stro 
ntium) *Jj:tf/>*y VJ*?£¥X\ m\$ 2 *>3V>B: 2 . 5 
TZClSI-ttKii. *S#fr#^5, 5 9 1, 54 3 

afc^t-g-feW^mtt, Q"*jE>f:*y#L iCoO a fe^f- 

t«i*L-o*$. im* y >^<k jam 

$«f(M! t fc 9 , i»o«H««|>©* fc K^Mfto (acid ia 
purities) ££J&LT, fgflm t *ffl# 
W#*5, 5 9 1, 5 4 3<©WIF«>*W#H:, iNtfe* 
fefC©yiM */H*©fl±Sr, /§J8fi«ll&©gMt:^ 

[0 0 1 4] ^H^fFS^-S, 59 1, 5 4 3©^© 
&4, 6J8J:Ut8BIK:*i-J:3K, »*W*t?»«Ufc 
«C£. A&K&Jl Lfc-&tt?&tt, 4. 2V*-C3E« 
•e*ftfcLTV^4. rli-CttJ:9Wv , '*«tffiCi8it.# 

*£»£;|vC^$. 4T, ^r©4. 2V«±©ajET-^ 

5fc©rfcjm»ifte>fcv\, ±ie©l&93©<fc9l;:. -© 

5„ *0_h» ifi3fc©R3m C^m R-3miS* 



1-5) zamittt, 4. 2-4. 3v 

(4. 2~4. 3V©©ffl) ^Wt/MftW) 
^«ftt«r*{k**5. ft«*«*Stt4. 2 V© 

[0 0 15] ±BW36W»i, *>5v>ttiSJfc©r 

Wtft«MI»KBi-*flB(IIOJjt»45f--f ^ y ^©£ 

fciffcHLT, fc#Hi»a©ifc*!iS*5 ****** 
10 0 16] 

flijt^-fsy^>?Aa^4fc««{fc4feA««jKt, 4>/<c 

[0 0 17] 

[ooi s] mxmi tmm<D%wte. y^^^, ^ 
*3«tuf>4< 1 1 1 ^<ommtMit^ $ fcttsatt 

li, crystalline materials 45 fc©T-$)5„ 

[0 0 19] »*«2.lcE^©»W«:, tti!a|$att!feK 
tt, irtE2ffi©jE>f3t-^s#iSU/iV^tH, ii:LT 
*-^ffi© R - 3 m^S«itSr*1- Sit Sr#« 1 1"S 
M*« 1 K|B«OlS*tt«Wfca>5. 

[0 0 2 0] M*«3icE«©HPJtt, MiHy^^A© 

[002 1] t»*«4JcE«©lilW«:, MfSS^Jig 

rti'fc-5Mi52(i©iE-f^-vtt, wxtwwmtmj* 

toiittWtT?3b5. 
[002 2] 5 (CfE*©|gW}4> WIS 2«©jE-T 

$tv5^H©^ B Srtlcfo5ll^-©^:S:$r>b tfc Lfc 1 

~2 fc*«*fc+a»#*3fce*w>efi 
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[0 0 2 3] H*JS6{C|H«»^tt, SWHJfc^tt, 3 
~1 5%<DJS^ISH:-Cfo5CtSr^mi:-r5fl*Jl5lc 

[00 2 4] H*3g 7 \zmm<V&W tt, ME 2 «|IW>jEW 
[0 0 2 5] M*3S8(C|2«(D^«, MI5^ffl#*II 

[0026] mxm9Kmm<n&m\z. mmr^* y ± 

m&myi.mte. "^^v^A, #A->?A, xhnyf 

[0027] is^jgi o Kiamo^ eqtt, Mies^JS 

tt, f-:?^, /^v^A, ?nA, vy^y, ft, 3/< 
hfc iutr/ws; ^Acof *»e> i ofcsv^ii i o£i± 

co -c-fo 5 r t t -r ft** 3 icie^o 
[oo2 8] i icia«coi§wi^ mefeL i 1+T 

N i t _ y M y N z O p Sr^frU $ffljEfc'P, Mttf 

i'tiA, ?y#y, ft, =>/^vh*5iof7 

/U5 = "?A^e>atin ; Nfi^ A, #A-:y£ 

A, ^hayf^A, /<y *A*S,J:tfffi&;!]>P>gtf;iX; 
O^x^z ; 

2 (l + z/2) gpS2 (1 + z) ; 

O^ygO. 2 5 ; M^T^^AT-fc^i f, y ^ 
0. 4 ; ^fcNriW^^A^fcte^^A-e&S 
if, 0 g z g0. 2 5; N^hoyf>?A, 
fcJi'<y ?A-efc5if , OgzgO. 1 

[002 9] fS#Jf 1 2 Kiett<0$§ l^fi, ML i 1+I 
N i !_ y M y N„ 0 2a+x) ?rWL, ^1$+, MI4, f- 
*i<\ /^v^A, ^DA, ft, 
itfT/l^^A^biltfft ; NI4, -^:/.^>?A, * 
/u->?a, xhnyf^, /<y ^AtJit^ffife^iba 
(fix ; M^3/<yuh^fctt-7^v-Cfe5i:#, Ogy 
;Md5f-^v, /^t-^^, ^nA*fct4ft-Cfc5 
if, OSy^O. 5 ;Mj)!7;l';-C'Affc5i:^ 
ySO. 4 ; £fcNriW^v'->A£fcli#^v'?AT? 

0gx§0. 25 ;N^hny^i ( 
])<?J*$.tzlZW$8X'h?>b$;, 0=5x^0. 1 ; T*fe5 

[0 0 3 0] IS*3Sl 3{C|2^60MM«, i, N 

i ,_ y M y N x O p U ^tffij£f> , Mlifi'y, '< 

■TV? j*. *nA, ?y#y, ft, 3/^h*>iatT/w 



$n^A^?)S«ix ; Nf4, -?^iy?A, ;fr^><> 
A, ^FoyfK ^y ^A*iJ:t/ffi«B*»P>StfH; 
M^nA/p fc(lYy#yf&5 it, OiySl ; 
M#^*^, /^v^^A, ^nA*fcilftT-fc5tt, 
O^ygO. 5 ; M^T/US = ? AT-feS t f , yS 

0. 4 ; 4f;NiS-7^-y|?AJf;H:jjyV-y!>Affc5 
if, Ogx^O. 25; Nfrx hn^>?A, ^y ? 
A*fc«ffiiB-e*)5it, OSxgO. 1, *LT2 

(l+x/2) gpg2 (1 + x) ; T?*5r i£4$& 

[0031] i 4 izmmnmmtt. i i-ie 

[0032] §|#Jg 1 5 (CfE«60?IW«, 1 1 |C 

mmvvo'gzttrz i zw&b-rzmxm i 4 ke^cd 

[0033] »#Jg 1 6 (CIS^CDISWH, 1 2 IC 

[0034] IS*^ 1 7 iCffi^CO&Wte, 1 3 K 

[00 35] St#9 1 8 ^E^COlSWii, fg*« 1 4 K 

1, wffiTEmbft®i-Z>nMmb&-£t!Z bZtmbi- 

[0036] 1 9 Kmm<n%m*. 1 5 \C 
m®<Dmi&z&tzmttnm&f;ttzbm®bi-ztt 

8KE«©y^?A-r*>-r&'fe;w-C*5o 

[0037] 1**9 2 0 \zmm<D%m\-i, fl*« l 6 
w&oimm^tzmu&mz^z. b zft&b-tzm 

$0%. 1 8 icfB^O y ^ ^ A^f - ^-tr/w-Cfc^o 
[0 0 3 8] l»*:92 1(C|E«C0^^}±, 7{C 

siria^oy^^A-r^-vz^-feyw-cfeSo 
[0039] is*«2 2\znm<n%mit, ^m^f^ 

a. i^^< bh$>z>m<D})^tJ»&$ttwg, hzm<r> 
#m^tf r b zmwib-tz vi-<?j*m®&m®ity>)i& 

[0 0 4 0] 19*92 3irfE«©^!4, ^flffico^$ 
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a. mt&om&'PKK tMiommiamL. tot 

b. m±m^mma:<o. wim®mz$nm®-te®® 
a>e>&*ue#e>, m&®-%®m*i&&£iix, ante 

[004 1] fff*JS2 4 {Cf2&<D|§Wf4. SiJl2£>££$ 

a. li5fE<Dft£'>^ifclo<a^PJl£i§fi?U fcoT 

isj-Kmrnzmmi-z^mk, 

[004 2] 11*9 2 5 (Cffi«<D^^|±. flfr!E<D&££ 

-ers^«s«f . iifjiey?-!7A£^wi-s^ftii±*gHt;y 

f-^A (lithium hydroxide) Sr^tftlST, HfJiE&£- 
3tf4&W£, lo<©;frt8&3iJ|c&ftfU y^!7A££t? 

b. m^.mmmmm7im^ti^)K^®m^mmi- 

d. Wb^igr5*-eiifBJi^^eu-cy^«rti 

e. MIEy^^^S-frTfnE^-^H^SrlfS^W 
b, £#tpr££#®£^5&#92 2K12«©:/n-ir 

[004 3] 2 6 lC|H«<DHWi±. lffi!S'>£ < b 

y ?<>j*m&&mmimmm#m 1 1 Kie«©&j&£ 
ffts r t &w®t-r z>n*m 2 2 {rie^o^n-fex-e 

[0044] n#jf 2 7 icia^oiswti, gjfe/>& < i 

r b ^#mt-t5tl*9 2 6 JClE«^D-lr 
[004 5] ff 2 8 JCfE«tf>3gWfi, Bfjf5'>ft < b 

G-t Z> r b t -f 5 2 6 KIEtfe©:/ n -fc * -c 

L i i+ x N i ,_ y M y 
L i [ N i x _ y M y N 



[0 0 4 6] mim.2 VXCW&omWS.. ^©Siii^n 

5asiffi^e-ir/w^«fig-f z>z b zm&b-tz y ^a 

[0 0 4 7] #3^©&&$ftfc-fc«ffi<oA«&fC 

3m^S«ii**U. 2ffi<DjE'T^V^*D§nTV^ 
5o 2fii<OiEW^->'W^D%i UT, * 

h (dopant) (OgsflDfttt, K-'O m^^fc 

v?<>j*' =* /vis hmtvoh z wiv =--y 

A»*'J*>f 
('>fc<£t>4. 4V4T-) Otti^ttS. 
[0 04 8] *5g^lc«t5*fetSfflSrfci:lcLfcW5S 

■rt <0£«<0«?*«:*i|SK: Lfc 2 ffiWlE-r K-'< 
yF^l~25ato m/<— V h^Hrt'C^JPi"^ 

i^-®(6]±$nfcttlfi4. ±EtW]#, m&fc+om® 

-^VhSr. ^i4»3~l 5 a t oni/<-tVhii 

tem*tzftmz.%.-T&m<D r- 3 mo«HMi3frc*>sa> 

[0 04 9] K-^^ixfcy^^AS^ 
*>> 

O p (*2) 
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a-v^v^A. #A-v">A, ^hayfijA, 

#12, OSySl ;Ma^*>\ ^"v^A, 

?A<£>££\ ygO. 4 ; N^n^^A^fclW/W 
i/?ACDt#. 0<x^0. 2 5 ;N*S^hnyf 
A, ?A*fcfiffiffi©£i!\ 0<x^0. 1 ;*<D 
f ; 2 (l + x/2) gp^2 (1+x) 

fflS^Mi 2ffi<DI^^->'C0mai*^ x ff©L i N 

i o 2 «jSi*jk:*jv^T«>, "[**£**> fclcLT 
[0 0 5 0] *«Wffc*>ri, ±ffi©2o©iCJ:*)ft* 

K-^siifc y ?a • ~-ytrj^mmtmmm 

1+x N i x _ y M y N x O (1+x) iLi, Ni w M, N 
x O p Mte£jft£&*B'Nffl i #9-5, 5 9 1, 54 3 
iCiSL i Q x/2 ZO„ Wg<D&&3.kom<7>m& 
ft«»fc*P*.-C, 2 ffiOjEW*:'©*^ 

5, 5 9 1, 5 4 SCO^fPJ-liS^tvtSr^JB'J-r-Sc, ^ 
S#fff#^5, 5 9 1, 5 4 SWftWW&ftteiB^T 
It, T/^iJ ]) ±M K— Kalkaline earth dopants) 

^-gs^y^Asic^eu -Mtrntvotmrnm. 

#5, 5 9 1, 5 4 Sro^ffFCD^rtitJt^-C, 2ffi<DiE 

[0051] *nwic i s 2 ffiojE^r ■*>-vm&&m<o 

©IMk*t«oJtilfc#4--fS^ +49 Vis? 
«C, Lfc*MMHftlClJ»*« V> 5 J§*n<DJahn-Tel 

i 3+ ) fc*SVvC«0 -?*>*. R-3m 
K»»AMieS» : F-S:i6^r*U«>fcti^'» Jahn-Teller 

*T\ *5IMt±R-3m«*14«:#i-5KjROBIHSSr» 



[0 0 5 2] tt» % *»WI±. **WeBW8$ilfc*|J 
[0 0 5 3] *|gMro^Kl±. ffigft. fiV*107x 

*-^ttt#5, ft*oy^«? aw 

Wftllilt, *ffl4#fF#^5, 5 9 1, 5 4 3©^ 
[0 0 5 4] fcib\ ^aWttttftCK-^SiiS!)*-* 

>PK< b t> 1 oofflfflfMUllSjcJlfOJB^Sr^UTJft 
tt«l«aSiiT, lo*\ *fctt*Jx£U:©fl»#*II 

S7t^©j®^^^tp, ?§<4o^ h b b y <? Ammimmik 

fcfcJ:*. *©#?££ tTii, ft*. 
5 ;/n -tracts, ft*, #3l?^l!ll3g Lfc^frt 1 , ttft 
[0 0 5 5] XftmzZZWmS.. Si*©R-3mM 

fM**«5ai*-* K-^fln^jc^-rs y ^>?as^js 
-T5o w^.wr» m i i-^-r <t 5 l i n i o 2 

UfcR-3m«jfrtlr x Vf-^^mb^-y^^m^M^ 

fife^ (W^Hf, H©LiNi0 2 M'&ft<D~ytr/u 
ft 2 ffiWIEW tfVtC^WSJx-Cl/^WglCffl 

ftl~2 5, M*L<tt^3~l 5(Dfe»Kw 

ft*Lfc, /<— t^x— • ^<7)2*<OiEW^-vSr^JDL^ 

[0 0 5 6] ±9#liU:«lfl-r5. *!6WWffl(R) 

L i 1+x N i ,_ y M y N x 0 2(1+x) , *J«tt5 
L i l N i ,_ y M y N x O p 
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*©+, x, y*ij;tfptt, ±BWiSr*ft1-*fc«>© 

ttT*tt, *«Wt±5«ft©f "C, L i 1+x N i M 
y N x 0 2(1+x) (DftttZG-tZViK y^?A-f* 

y-Knmo&mvowt L.-cftt>*ST*>a. ^©»© 

ffc£*©«t»-e, Tf2©5H^;©t>©;^ «*UHtft*r 
l . L i 1+x N i N x 0 2(1+x) 

*0)tf», N=Mg, JoiOtO. 03^x^0. 25-efc 
9. * L-T-SS* U^WH:, 0. 07gx^0. 15 
T&So 

[0 0 5 7] 2. L i 1+x Ni a _ y Co y N x 0 2(1+x) 
N=MgJ>5tHiCa ) 0. l^ygO. 4, 
fcitfO. 03§xS0. 2 ^LT-gMt 
LVWfi, 0. 3Sxg0. 1 5T^5„ 

[0 0 5 8] 3. L i 1+x CoN x 0 2(1+x) 
^©f, N=MgfoSMi:C a, 0. 0 3^x^0. 2 
5r*fc9, -t LtN=MgOf:c?, -Si* U,>©!4, 
0. 0 3SxS0. 1 5t'fc5„ 

[0 0 5 9] *»M(iJ;5«j«tt, 

tt^s-e v r v j*&mffimzm&i- s 7° n -i? * &m l 

Mir* Sir/Hi, lofeSW^rtV^Lt©^, H© 

-fcrnicteffl-e^s, d© 

#*e>3»»OH:-f©. ^Hfc*lttttPSP>/iV^5. y^? 

fc, ttfi©a^4ttSfCf 5. r©#ffi-Cg63i©?£<*:fc 
St>li@#©«?Kt*, *ft*.tti:ttR€>4v^ @ft 
tt«(solid state) <0tK Pt-WPK ; HfMK«*9 5 

©, yf-CAw&tf?^, yf-^A • r^?s 

CAttfMfc, yf-^ASi^^ (lithium borophospho 
silicate) ; #«fct/l«*fctt*ft£U:©y f-^AJfi 

(CTx.fi, y f-^ASfc^ 6 ^b^Qithium arsenic hex 
afluoride) , y ^■'J'Ajge &fcfe(lithiumphosphorous 

hexafluoride) 48 i IF 9 A&gfeS£(lithiumchlorat 
e) S©l«fc5V*tt*ftEU:©W*»ai («x.tf, IS 
gjf^^/Wethylcarbonate) , $jSfci^ fvWdimethyl c 
arbonate) fciU^Sfcv^^/Wdiethyle carbonate) 



StfitiKtt (i) 11. 4 9%mSlt©L iPF 6 , 2 
9. 3 9%Sl:lt©^> ? >5 L yK *5iT/5 9. 11% 
fifttt©^ hro^^ 3o<fctf (ii) 

i y?<?;j*M6 mmtK 4 5 %S£Jt©$ifc* 
5 5 %&&)£<Dfc&i? A,ti®m<0® 

[0 0 6 0] **Wlc±6«*-e#j*Lfcft*«r&trZ. 
fc-lr/Hi, rw#EcD£<&b*,S£«©«iglc*a^£ 

&ofc:E«£-&ttfr/u©;fi}jgfcra\ ^y 7"d fc"W(pol 
ypropylene) £ fcte^ V§3©-1r^ U— 9 £ft 5 

iS, -ft-fc/HKeoftl^WJ: Lt, Li^ Ni 0 . 75 
Co 0 . 2S Mg 0 . ! 0 2 . 2 ©®(&£*-f SA1£, a-*© 
jE& Li PF 6 &m*£-f?>mMWi3$£tftfV7W 
v ygicD-l? w-* &fstt h v>frh So 
[00 6 1] *»Hlc±S^*«ifrr5#ifcH:, IE* 

ic, -«9-4h*" tfM-atrott, ^©tfc^wsn 
•e, stt««i:v^5©ri, ^5cmt^m©«-^i@^^:t5^^ 

T, yf-^AW^x% ; E:©«igrttW>'^-*u-H, 

^Stt#)Klc{4r© i 5 fctt»**V\ 
[0 0 6 2] SfelC, **WKiS«W4. *|gW©«5 
H^©Mfig5r*-t-S. |gtt»i*tot4j8-e*i*- 
J^ffi, foSi/M4#fi^©^®©^^j£5rSl-Lfc7° 

•y hS^(wet solution) X-a-fifeXt St. ©Srffi-To #31 

muiLfcvicttne-cfts. CTx.«. y^-yyKsoi 

-gel) Hftm **t«MWb*:/n1?*« 
T\ iSffi©H»Sr!^t-ar-f, ^Lrifcas©*^ 

^ffiT-^©t T 'ir#|SW©^ B B H i!iifie^W-rsSttfeK?r > 
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[0 0 6 3] «TC#ttf4#ifc0>4o©«tt % *»W 

[0 0 6 4] 3»©5a»o*/H[*-tWf <5^r»ttfl:* 



!)^?A. syjr*, BB^*J:tM9»l#3tIIfti5GS 

[0 0 6 5] 
l$t2] 



u 


N3 


(TM) 


mmmmmo 

7im (G2) 




NtTtH 


TMfr-W-F 


G2-U/-F 
(nitrate) 


UTfcH 


NCU-W-I- * 




G2MFott«F* 




NDWIWMF 


TMtttfF 


G27tr4 | 


(formate) 


Nl7t-M 


TM/WFDttiMF* 


G2J-«-h* 


LUHr-f 


(acetylaceto 
nate) 


TM7frH 


G27*-M 


LWtHF 


NtMr-h 

Ntt+ffF* 


TM7i-*-h 


G2t#fF* 



[0066] a^/i^on- 3 ^: prj8ttft^*<opi 

€> ©«a^-g-fc>-er. 9ix.fi. #*fr»£l/T\ 8 0% 
7k/ 2 o 9 / — ;v t , 9 5 %p< ^ y — /w/ 5 %zkft 

[0 0 6 7] lo*fctt*ii«±©*ffl**36-f-5» 

te#©fc^©^fClc:;&-g-L7ci#, 1£-©H# 
MR*. *&»©{fc1M&1K©l$l®*$§-g- (combining homog 
eneously)li. *Bff>**-»IBO«l«Sr»rii-rS©Ki5. 

tfe^CfWaSt LTtt, JK) 6 0 Otii^ 8 5 O'CcDPflT*^ 
2-1 0«Wa*fClrtlSi-a*tfe*»*)*. KHRSiifc 

fcjai^T* j&^8 o 0tt?2^MfeirSr«Dfii-S*fe^ 

[0068] • y/Wfcffi 

A (lithium hydroxide) ■^SSfcSfcfc-S' 



ft, y>Mfc#ffir5*T?iMI:£ii5. ^©m, 

©«#*££ MS Lfc#£T-*&3S£ ft, *»HfcJ:<5» 
[0 0 6 9] •H#K1£0:#& 

gfe©* t fb^t+»±©*© y a, ;i#&jk*> 

l,^ = M—K WKn**WK (*SS?ft4&) . 

K T-fe^-h*Jit57*-y- h©lo, 

ii»»(milling) , A'5/mi*»#(ball mill 
ing) fc5V^tt^©ftt©W*««©ffiffi*fcB:7 , n J fer^. 
tot«-4fi^*«t5, r©i5*t» 

fe5l/'»ttj«»i-5S^©1 J t l s 6 0 0-8 0 0^5 

2 oSfMjg-g-^^Tjpf^-rSo r©i5 ftfjjaao- 
v. i o^^TJDnai-So ^wji^w^a^-jfen. r© 

*iB©««KiillLfc*«5>. gE^©l±-fT-fc2.„ ^ 
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lush) i\ *tz\ZtP$<D±%£%&i-Z>frl.X. j^f© 

[0070] -^^u-r^ffi 

S. *ttOpH«Ht*4«)*rait>U<B:iH«ia*fcB 

ss**fcHt!fi»i4s*>5 0 mmn, mitts. io*fc 

■Cftlir*Jtf^*»fe4MI4h.6. «JR$^fcH*f±*o 
ft, ^^^©HA^atfwoasfbrffittWt 

■civ. 

[0071] • ««tft:^tt#tt 

tf l/vy? (acetylene black, Super S, MMM Car 
bon J: 9 Kit, willecbroek. Belgium) , -ttfJnzK y 
—' < -'i'y# — (copolymer binder, Scientific Polymer 
Products, Ontario, New York§H<£>6 0%<D3if-uy^: 
SMA Lfcxf i/y • fc>y • a jK !) v-) 
-&Ltzi><0% h ]) V nn^f-u->-(trichloroethylene, 
Aldrich, *«Mfc#¥*) m&VaWtT 
tJ-vy-Jy y V (DWk^mt. *4 legs 

r?A©»^±KJ6*$iX, Sftf-Cl 2l$ffflf£j@$;ft, 

©«**Lfc£«K::fev-c, ^©J;filtf*TlE<D<fc 5 lc* 
5. 1-ft*>*>, Stt*K8i. 06%, T-fc^u^:/? 
s/^7. 6%*JitJ«3^y-7— ^y^- 5. 34%-c 

1 cm^Mif^^, 

frfe/O^U *ft£rJt£*ffitto. HyfiOi^ 

jE^T, 1 3 o-croas-ci 2%fffiftm-*o znim 

WM, ±/<\s*-? (Whatman GF/D, Whatman Inc. Haverhi 
11, Massachusetts COSiS) *ij;O t 2 : lMMitn^f- 
i^#-iK*- h- fc S?* h 

FMC Corp, LithiumDivision) (Dffi&fcO'PiC 1 M 
COL i PF 6 £-£A,fc*mfl?*a»C>fc5, StStyl't'f 
*h£;rV5. T-fe'>'7'y-$tt!tir/Hi, 3. 1 Vfrb 
4. 4vro«mi5H-c-^ffi<oS;WBao. 2 5mA/ 



cm 2 -C3 OIH^/Ur;* r-£*l5. -MMUM" * A* 
[0 0 7 2] 

-CA<ilr^gg$tt, irA-t bTT-fev^$HT, -to 

«ttfc*r, #?^<o£*ft* © i moftmz 
[0073] nrnwi 

^ft-C4)S$n5L i N i 0 . 7S Co 0 . 2S Mg 0 . 03 O p 
(2. 0 3<p < 2. 0 6) 

0. l*A>to7kmik)) 0m 1 <D*.\cmML 

-c, flra-caw**i«srf^ri«-5. B'Jfc, o. 075* 

/K7>=.->^/UT-fer- h (Aldrich, 98%) iO. 0 25 
^^©a/^U h- T-fex— h (Aldrich, 99%) & 1 5 0 m 

fcBUK, 0.0 0 3*/KD*K{k-^^v'>>ASr 1 m 1 

©70 %©a»*^tf*fc** ufc. * *«fb y f- 

S» t ^* y V J*®Wi k it => A* h t = v 

fc, BfvSfe©®)S?aE(suspention)^^$iX7to CKD 
SS®©+tC 9 0ml COaif-zUT/W^— ( 2 0 0 p r 
oof) fcife&QLfc. T/H*— /KOflfcbOH:, ^^vWT-fe 

T-fex- hro»**s«Vfcft» ftwejt^^y^-C?** 
[0 0 7 4] rtOSgffltfc, flfV^fe<D»KHc, 5 00 

$ y^-^©KST, i 2 ot-c3^me;)®$nfc. je 

^tt^coft 1 4 CCT-C1 B$ig, 1005!)/MH:» 
'>$HT, 36±*5W*SrKl«l.fc. r©ffi«©#|«-C 

fc. r©S*©lEI»<D6^7i».©t&*{±, ^a^T'S 
0 0 < C2^Rfl©H!i«tS5rST, ^J2. 8^yA6oy^-? 

[0075] noftstttt, x*©ia«f-cM*ttft*n, - 

fffi^ttfe. x^coisl^^-^ii, l2©Ja< > ^-j^ 
mtn^m&in R - 3 mjgf B « Slr*tftff, *©*&^ 

a = 2. 84 0A, c = 14. 100A 

yMfclii**t. H3{Cfi, y^-^A-sy 
^ . h • ^-drf ^ K (L i N i 0 7S C o 0 . 25 0 

2 ) •C^^^^AO/iVMb'&^Jt^ftSr^ny hL 
fc. wCOL i N i 0 75 C o 0 2S 0 2 C0±^f±, roUffi 
WT*ffifflLfcL i N io.75Coo.25Mgo.03Op ©£j£ 

[0 0 7 6] H 3 {±, T^v^Afc^ 
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T^5 0 ^*i^A£^fc!fe®©:7:=-v?V:m3 

tik)t^x^y*i/VJ*<DW<mLx\,->ti:^yo'g:ft. o. 

^n-fe^TfKStertSft, filT©lliS0t|Ti&W£*vSfl!l 
[00 7 7] HJgflJ 2 

y^)*-C£fifc£*lSL i N i„ 75 Co 0 2S N G 3 O 

p (2. 03<p<2. 06, N = Ca, Ba^fcttS 

r) 

jjjvsVJ*. /*y ^A*s,tt/^ hoyf^AfK- ^$ 

• — Tkft^Ononohydrate) . 0. 0 7 5*/KD— -^•ir/V 
T-fer— h • ETKftfe(tetrahydrate) , 0. 0 2 5* 
/K03^;Uh7tf - h • Eg^ftfe, *3it^0. 003 

^©tR^I^a-v^a. £A*fctt*iMfc 
Sjwcsooic, 2 i*iB©«Maa*SJtfc. ft 

it, im^m W Kn**fvf F ; hydroxide) ©JF2 

3%/-y-^i?/K ^y ^AT?K-^$ti/fc«i®©$fi© 

fl&W* 0 . 4 * ^t?fo o fco 

[0 0 7 8] 5lilfe0S3 

^^Wft»ife-C4jft$nfcL iN i 0 7S Co 0 25 Mg 
0 . 03 O p (2. 03^p=S2. 06) 
0. 1 5^e/U(D=^-y^/U (II) T-fex— h • HTkW&KA 
ldrich) i:0. 0 5*/U©3^Ah (II) T*7— h • 
H*fPfe4r2 2 0 m 1 ©* *y-/Hi:|gfl?Lfc. BUtr, 
0. 2*/U©7kK'fby ^-^A(Aldrich) 4:100ml© 
*9J— MZ.f&Ml'lt. *fcgi]lC, 0. 0 0 6*m 
iftv^->7A^2m 1 ©7 0%ffi&i-*tf~4 0 0 

mt y -7 j»®m * =» /< * *• t =. y *->wfc*wMt 
**/-Mm\cmn,x % 2o#w©&#gL 



[0 0 7 9] 

litj)?K>'7'^S[ (Periataltic pump rate) : 1 2~1 3m 
1/m i n. 

iSPtttf* : 1 . 5kg 1/cmOffl^ 
«MfflftM!&ft«>fl& :230t 

^*fc'— K(Aspirator speed) : 7 0~1 0 
0 L/m i n . 

ffitt^l«Sr»*1--5/c©. £j£L«&*£2<C/m i n 

©in&t&iWc, 8 o ot;©^ia«-C2^M S£ 

[0080] -(ommztitcffim-i, x&®vxx®mt 
±e©#wey^>>A>f*v-ftwi!i©A«<iMt 

12 5 <t0 6l£#**©Xg|0t/f^*->'if-'f * y ^ 

HsoxiiiEWf/^-^H:, w-w*m<D 

&«©*H4©, ^@LfcR-3m«igSrM*1-5. 0 6 

I*, *^Wiri5L i N i 0 . 75 C °0.25 M S0.03°p * 

Wtfm#>X&&%*M * y ir, 3 0W?;v 

»±T-ffi^(ro. 1%/f-^^^©^!:©^©^©* 

[0 08 1] HJS0H4 

afr^ffi^kffi-C'&RKLfc L i N i 0 75 Co 0 . 25 M g „. 03 
O p (2. 0 3 ^ p g 2. 06) 
TKSHfc y * 17 A • -1mm (monohydrate) (it^&= 
4 1. 9 6, Aldrich) i T A- 5 -J-JS© jf t? 1 0 

^MflWLT, »*»^»*Sr»fc. 0. 0 0 

6 6*/V©*8M;^*->!7A (fb^*=5 8. 3 
3. Aldrich) *r*IWky T-pA&slefcJB&toLT, 

•v^->l7ASriftBiWcJi^. W«Lfc«, 0. 16 5* 
/W©7KK^=y^ (II) (mi=9 2. 7 3, Al 
drich) i0. 0 5 5^/^(DAmt^y<^y (II) Wt 
fSi=9 2. 9 5, Aldrich) £rSs$D L"C, §P>{il 

©l&^ICT-fehv (3 0ml) Sr^DL, ^yX'M^L 
T^-^ h^lcLfcS, T/U5 = ^A©*Biatc:Atv-Cl» 
JffiffiLfc. r©»*tt^©*-C, 2^, 7 5 0=CT- 

fiMs^tvfc^, ^©±-ex^-eiii*fLfc/^-v^ 

©fc„ 

[0082] miBHite^J©^)«T-, y Ar&«a&© 

A**»J«L» ^©ttffiSrr^ h tfc. feff©XjHt?lHl 

i-z%--Mm<D®\$.&*L. ztn*n'g±.nmm i -e* 

it$^c!fe)Ki:^-t*J)5 0 ^©feH«, i^0. 0 8% 
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/1M */u«)««>TA#ifc*-f * y v^Sfe***-*-. 

[0083] mmms 

*»«©*B«<**K-c. ft** (l) ©M. Li 

N i o 75 C0 0 2S M S0. 03°2. 2 > L 'l. OS N > O. 7S C ° 
0.25 M So.OS°2. ioJoit^L i 1C N i 0 .7S C °O.2S M 

go. i o 2 2 «rWf6Jg*©»*». Sg:*{t:*tf»± 

©£Srtt4ft^»L i OH, Ni (OH) 21 Co 
(OH) 2 , Mg (OH) 2 «rttoT^«$Jl5. -ett 
&©ft^*tt. tti:Jf-CWS, ««-Lfc«, #»©f-e7 
5 0tT5~l 0^jDfR$iX-C-Ctfcfc«>-efc5 o ft 
l^(Lind berg Model 51524 &0*F) it2X:/m i 
n. 7 5 0t£-CJn?S&3ft, *©*&* (7 50t) |CT 

i oftWftftStftfcift* 2t:/m i n-esrta**-e» 

^^©TA-S-^A • K (KftT^5-9 

■A) o±&is©±ic!eB$jxT, ^g-r 

[0 0 8 4] tfMg 0 . 03 , Mg o . 0S ^oiOfMgo., 



<DX&-?®Vr£il1i<><f->tti. £*I29 (a) , [2 9 
(b) J3 it/12 9 (c) iC^Jit, gffi#©R-3mE 

[0085] ^■±.Bnmwmwmm<o^tm-ny'u 

■fc^Ht, *»WfcJ:5±l3HS:ft^ (II) 

icML-TCO^-CfeS,, rfte>4^<9&$fo&J&(nominalco 
■position) fc#»flt«:4«"f50Kltt>n5, ***E 

[008 6] 
[£3] 





u-/W pn 


T" — P 


Co-7-fe 
^-P 


Mg-A-f F 

n?*iM F 


LiNiar^OaT^Mgao^Opt* 


0.1 


0.075- 


0.025 


0.005 


LiNla7sCOa25MgaioOD2* 


0.1 


0.075 


0.025 


0.01 


LiNia7sCOa25MgaaOp3* 


0.1 


0.075 


0,025 


0.02 



*2.05£pl£2.1 ; 2.10^p2^2.2 ; 

[0 0 8 7] *3fc*£ftfc**R©X*0>E;0h?S* 

l-e^SiifcttRwtnfciai— 1?*>5. rn?>3iw 
fttriai o(c^-r„ m'g.onmt, -^^>?A©^r 
j§#£i"t5„ 121 on. ssogfjea^T^^^Ao 

5. ^*^?A©Jt*4S0. 05fc$^fi0. l<Dt 
ttt, liM^HCO^, gfitf>7:n— $>V^li0. 1 
%-C2b<9, -7^^!?A<Oft¥H-g±<0tt^S0. 2T 

&5tt, tiro^x-^y^iit^^/Hrofo. 

0 4%©^T£>5. 

[0088] $ 6>fcJiA/*r*«WJC «fc5ftK©fttf={t 
Peled et al ^PJ<0*H1#W#f-5, 5 9 1, 5 4 3H 
tt, L i x _ x Q x/2 ZO m 'Jf^A^* 

#^IIft<D7C^T-fe9, 4fcmf4, Z ©|5JH4(£.£ 9 % 
2*fcf22. 5©iB££5 0 T^B^fFS-^S, 591, 
5 4 3©«fF©*W#tt, L i ^Q^a Z0 2 Mf* 
©-&#© 2 ffi© jE-f * l/fftt&fcf-PW J*&£k 



*ilf2.20Sp3^2.4 

te^SnS^TU 2«©jE-Y*>'©-g&#/!>\ ;t*1M K 

[0 0 8 9] #3B9?{;: £ SW©^--? ftftttli, * 
Bft?F#-§-5, 5 9 1, 5 4 3©ftf i | : ©1i&lR»Clfc'<-C, 

5, 5 9 1, 5 4 3©#fF©*W#©«WfcJ:iitf. * 
©ftffPMtoa&Wfett, y^?Ag©^,I&^$:£W1- 

4. 4 vt-e^m-ef srtsr^Lfco *H#rF#^ 

5, 5 9 1, 5 4 3 ©ftfT©!8jfC(*, 4. 
^/W-C#5©^-C*>5. ^©0. 2V©gf4S*t?fc 
5, ftA/tfch-tf, «»J^»^ 0. 2V©^4 X 3 0 mA 
h/g©JtSft©M££i?U», tLTiOWv^ft 
i:, i»)i^iJBt i 9 iS^Hffl±©feR©^^ 
-«a$rlC*-r5. 1 0mAh/g©®*fc5fflJ:£^ 

V^T, tt|SE±¥a-efo5, tLt'M<H3 0mAh 

[0 0 9 0] JIK±©*E#/<f 
7|j«§£W-r5„ **itKLT. ^H^WS^S, 5 9 
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l, 5 4 3©»«FKU:5(|MtK:tt, ®M&$iim<D&m 

#fc%tt*fc. 5»ff<0*4J:**©7 
v>V^£*ffl#fT#^5, 5 9 1, 5 4 3<D^W<Ditl 

[00 9 1] TB©|&ii^6~lO^#»01K:£54Mr 
*Bit#fiF#-§-5, 5 9 1, 5 4 3<D«fffC^MLfc 



LkosNlarsCcbi&MgaodOuo 



Lli.DNliniJdgoiiOx2 



[0094] nmm i 

*»WICi5«BL i i. 05 N i 0 .7 5 Co 0 . 25 Mg 0 . 05 0 

2. io * ^ i ! 1Q N i 0 75 Co 0 225 

Mgo.l °2.2 

mtnm^w^m 1 1 sss^s iou/cm 

2 GD-£®$Ei:3. ia>e>4. 4 VMcD-r;* hiM^v 

r\ r mura/hS^®*?. Tie©*;-? 

^detected ^opencircuit"^" ^ ^ 

i ^mmmznm 

V = V 

detected ¥ opencircuit 

Hi l KjjH-i: 5K> H3U.y ^*A©£;frj| (xttfc* 

N i 3+ L i N i $>K.ffl£fZ>tiite. 

3. 8V> N i 4 *N i 0 2 *»C#£-f3<$W:4. 5 

v) . mmtmojEji-yofflttitrnte, 

airs. ^^moKfk^iitt, 2«©jE-f*^*«w* 

4*0JISA^«:dMir*-5 it&O-fS 



[0 0 9 2] H»Cil6 

*»9!l!:J:Sfls£*L i^osN i o.7 5 Co 0 . 2S Mg 0 . os 

°2. 10 « L > 1. H> N » O. 75 C °0. 25 M g 0 . 1 °2. 2 {4 « 

#f(Gal braith Labs Inc iCfcl^T) $*lT, #jRfttf> 

Stfc. SMJrf**. 4Mfr&**r*2Tl5 0lCT?3B* 
ffl&j&Lfco £tf©tt**TlE©*4fc7«Lfc. $4 

M*<0«l«L i 1+x N i ,_ y MgN x 0 2(I+x) 

[0 0 9 3] 
[*4] 



Lluia(NiCo)lIi(MgcK>tt0ii«> 



5. Sctr-OBl n»3fefc?WB-e*S;:i:HU 
©WffL i i +I N i !_ y M y N x 0 2(1+x) fi©2fiB© 

[009 5] 8 

im* y >^«r«©iisrt2ttjE-f *^6o^ft 

**91fc.fc34MrL i i. 03N i o. 7 S Co 0 . 2S Mg 0 . 03 0 

2. 06 • L i 1. 05^ 1 o. 75^ 0 O. 25^ S 0. 05^2. 10 * ^ 

<fctfL i l-10 N i 0 . 75 Co 0 . 25 Mg 0 . lo O 2 . 20 *>bJ&ft 

IMH^ **^*-#1&£3fc#*r £ (energy disperdive 
specrtoscopy, EDX) "C, h kV4 ? V lsjf£kWl<0 

So EDX(Dm*5i:^f 6 t^^yy^K- 

»«II^fe©7c*tt^^L*v^r:^:S:*lftr5. -*U-S 
LT. *B«fflP##5 > 5 9 1, 5 4 3<0ft1f04Mr 

T/W^7 y ±S^^-^^ w - Kalkaline earth carbonate) 



43.90% 
14,68% 

■J^frA 6.91% 
43,70% 

JVVUh 14.18% 
W^sVIk 2.19% 
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[0 0 9 6] 



[£5] 









T fi ,L»X]1t1 ^r/^/V nrV/lTh • > a ^ 




Mg:4.47* Co:23.45SS Nl:72.07* 






Mg:5.02* Co:23.58* Nl: 71.40* 


LiwJSNioTecotJSMgoxdoMO 


*m 


Mg:8.989K Cc:24.Q6* Ni:66.97X 




Mg:7.81* Co:23.50* Nl:68.6996 


Iiu oNlarsCOas 5 MgaidO uc 


tM 


Mg:12.89ft Co:22.24* Nl;64.87% 




Mg;lZ53* Co:21.54ft NL65.93& 



[0097] mmm9 

y V^M«K*JJt5, ffiftfifc (11. 4 9%m*ttCDL 

i PF 6 , 2 9. 3 9%Hlt0^^f^ 

59. 1 l%:lglt©^Wio& — h) tov^ 

*v^A^»f±^*^*fife-c P P m won* -caudal 

a&fwSVV, «&£3 OiM^l^lCT* hLfc£*k 
rcD^m-CfegL i ltI Ni w M y N x 

o 2(1+x) rt©a»4tii*£*ifrftt:. y 

■v ^ i/ V A £ ^ ©ftfl© 2 ft ©jE-f * V T £ * b *U 

[0 0 9 8] 
[*6] 





(p pm) 




5.7 


3 oik 

LLxiNiixrsCOusMgaDdOaoG^S 


7.9 


IiLosNio.TeCQD.MMgoiJiOnofiS 


7.3 


3 01M ^;H£©«#& 

LiLioNianCOo.s6MgaioOz.!oftS 


7.1 



[0 0 9 9] *6K*rJ:5K, Wir »J MM 
h£ftfc#>K©yiM*/H4©[Ri 

(initial) ©v^i/^A-^ftii, 2<ffi©jE-l' :^©gs 

9*-?$>5o 0llx.fi, L i 10 N i 0 75 Co 0 . 02g Mg 
0. io0 2 . 22 ©*§£% h-tr/Wc&Jll,fc«iJ?i£©fi 
fittl. 07 5 3 gT> MOliHO. 0112gf 



fcofc. Affirt©flHft«Mt©fiftH:» 4. 7 88 3X1 
0 g> ISttWtrtO'?/* , /i'A«)IiB:, **Jl. 10 
2 5 X 1 0 g-C&S^t XhZ>> tU^->' l JAff3i 

A©MfiliiSft 102. 5 3 p p m ( 1 . 1025X10 
" 4 gvl. 0 7 5 3 g) ^/£5tt-ft?fe5 0 t-f^-jy 
^HtF^ tc*5 Jt 5 ^ -> * A ©ttftP&rt ©aft!6H:flfci» 
lei. 4ppmf, ^ttl±Ati%»K©^^v">A^ 

g©m%-cfcs. ^fe, f--r^y^^«f, bit.** 

fc5o 

[oioo] #3ggn#fc*>t*. ttMStifctta**-^* 
iyr>A©iiinii. h^7-©^fflrtlcfe5t>©tff 
1*3. t>L«lirt©-7n->'>AfflW > £SBx* 

*m (source) li, fe < «l^£T &ftfc-tryMB*jt» 

[0 1 0 1 ] *S^rPS^"5, 5 9 1, 5 4 3©#ff3g 

fc{tCTV>S 0 ±12©*S*I4. **Wlc < fc5E«-!M'* 
/H,fc-fe/W^Wv>/^v'^A-t-S©^b(4, 
©»Hf*JU:*>!)» 2«jE^^VASAffi^^flftLT««| 

#$8W©&g©£fi©lRj±fi, ^/w-Tf *>©}§$?© 
[0102] Hffi^l 1 0 

sss&sfc&tts, &»&g©aftn*ttu **^fe®© 

2ffijE^^>'{ci»P 3 4xfcttg©#*SrSS 

T, -T^^^A^^-^iS-i/^r/i^a/VUh©^^ 
T-5r 6*1-2. aS&JiWm^fif&^tfcL i : N i 
(*fc!4Co) :0=1 : 1 : 2(CS<5^T, 

©»©2{SIC^9. *fcy f"^A©2«lc>b/j:5 0 - 

^^^^^©jE-r^y^yx^A©^^^^ 
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*fc<b, *ffl*rff#*§-5, 5 9 1, 5 4 3©^©ip 
fc» ft¥tf*±©lMHi, =y^r/Ufc=^K!>»«lt 
lc£3 0 *©SSM\ *B#£F#^-5, 5 9 1, 54 3 
©#£Fic:j;tui, y f-^AWfifif-^-v'©/*? 

-tfu* 2 <b© y ? a^ a© i 

—Xt Lt\ Ni:Co:Mg = 0. 75:0. 25: 
0. 1 t-f Sir, ^SP<D-r^->"?A]E-('^^S"{r 

S;I4L i ! 10 N i o 7S C 0 0 2S M 8o. 1 °2.2 

^|CS<5V^T, SgiE&ft^iSL i aB N i 0 .7 5 Co 0 . 2S M 
So. i°2 -ttliSfe, L i OH • H 2 CX N i 

(OH) 2 , Co (OH) 2 *5<fclMg (OH) 2 ©M 

*5S;L i !. 1C N i o. 2S C o o. 2S M 8 o. i 0 2 t 
5Hff BfleRffiifett, *fc, *©ft^*k*BB 

#ffF#*5, 5 9 1, 5 4 SWWUfOft^L i 0 .uoN 
io.7 S Co 0 .2 S Mg 0 . , 0 2 MT"©«it±©HSSrM1- 
5^* «#©ft^<K»©2*lE>r*y K-/-?y h 

[0 10 3] 2a©ft-§-te5r^ ( f©, 3H&Jt©aftn 
^IH1> TIB©**-Ctt»$n5. L i 110 N i 
o.7 5 Co o .2 S Mg 0 . ! 0 2 . 2 ft#L,r» 1 



^■fSirtt, 31fw±, m*.t£. 1. 1*^©L i OH 



H 2 O, 



0. 7 5*/W)Ni (OH) 



0 . 2 5 



©Co (OH) 2 fcitfO. l*/WMg (OH) 2 & 

1. lLiOH-H 2 O+0. 7 5Ni (OH) 2 + 
0. 25Co (OH) 2+0. lMg (OH) 2 + 
fmm- L i o. 80 N i 0 . 7S C o o. 25 M g 0 . l 0 2 *r©£ 
&X\ MteftVlW 1 4 4. 7 8 g ttHSI±, ttg± 2 
8. 1 6%©aftn*£jtiit>-oT, 10 4. 0 15g 
©£*•>#*>*'<# -e*>5. 
[0 104] L i 0 . 8O N io.reCOo.^Mgo., 0 2 K 

0. 8LiOH-H 2 O+0. 75Ni (OH) 2 4- 
0. 25Co (OH) 2 +0. lMg (OH) 2 + 

1M-L i 0 .8O Ni 0.76 C °O.25 M 80.1 °2 

r ©»£•, 1 3 2. 1 8 8 g ©MttlfiMMtttaifc J: 9 

6. 3 0 2 g ©£•$&££$ U !Wi©llo^li2 

7. 1 5%i&5 0 

[0 10 5] ±iB©2{S©£{S{±, Hf^cT3iJte$ 

ii, mi 2 nnR*tt«*»*f (tga) -en-Hut. m 

ffi©aSn^5r^Ds/ htfco TB©*7fcHMfcl*©ft 

[0 10 6] 
[«7] 





(DM (mg) 


& (me) 


coXfl: (X) 


£fc (X) 


L i N i 
CoMgO 


19. 664 


14. 14 7 9 


28. 05 


2 8. 1 6 


L i N i 
CoMgO 


1 8. 7 8 0 7 


13. 6 6 6 5 


27. 23 


27. 15 



K©«jfCL i ,. 1C N i 0 .7 S Co 0 . 2S Mg 0 . t 0 2 . 2 ©ft 

©^/fSaSn^oH-ajJClilJ, #3gf!©L inoNi 
o.7 S Co 0 . 2S Mg 0 . , 0 2 . 2 i:*B#fF#^5, 5 9 
1,5 4 3©*rif©L i 0 80 N i 0 . 75 C o 0 2S Mg o l 

o 2 <7>mtommnmm±.<o£mzmmft<&*i,it e m 

^©ft^Sr^-fSrtlCto-C, «*n^<7>^ 
*fctt^l|f©2«iE^^V©{4fiSr%«6^L#So *L 
T> TGA##r{Cj:9, 2ffliiE^^-V©^e i i>*fc, P 

Oi*. *«li*WW»*S, 5 9 1, 5 4 3ffii 
ttfci *W*WM©«*jft©**S:«*lc Uc„ 
[0108] HJgtfiJ 1 1 
«aft*tetl§©it& 

3HS«5T*WLfc4MfL i i.ogN i 0 . 75 C o 0 . 25 Mg 



O. 03^2. 06* L ' 1. 05^ i 0. 75^" °0. 2S 



Mg 



0. OS*-^. 10 



ioitfL i 10 N i 0 .7 S Co o . 25 Mg 0 . , 0 2 . 20 ©«^: 
ik¥±.Otiiife&mi 3©^57-e^1-. 3 ««©#)« i: 

(1 5 OmAh/gfiJLh) 0 

[0109] nmw 1 2 

L i u 1S N i M g 0 l5 0 2 . 3 ©-£*£ fc S^ft*#t4 
±IB© «fc 5 i-> ^©Htttff^o-tr^im, 



L i OH • H 2 O, N i (OH) 2 tMg (OH) 
2 ©ft¥H-**a»&, **M©«K*^jai-5©K:«[fc 
life. iMolsftttimitif, 

^> r/w5^j#Ja©±t*5!6>tLr N ^©^©^t-es 

oo < ct?i ommmmzixZo 

[0110] BHiist, r ©%»®©maft*i4a 

mi 4 ft, ^S©^ftf-^ ^/HR©BHk-C^L 
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*4*?V9l,1t\\ *K-^©L i N i 0 2 
*>, fl9»»*IIfil©7cSlO*^L i N i O z ) 4 UTtt 
jE*ogWfeiH:v^«v\ JflgI#*Il£07Gj|f$r%ftl£ 
ftfc&ftL i N i 0 2 t, *n*«SP$il«V^L i N i 
O a p#M©*JIS:«#+Sfc». 015 41 6©#i 
K©dQ/dV£V (-fc/uoffffi) ©HfciUT^U 
fc. il5 T'fi, #3S93fe1f L i i. 1S N i M g 0 . ls O 
2 .3 ©dQ/d VttVOflUfciPU tJlBf'f>Jl' 

^£*tfc* K-^W^SL i N i O z ^iM":? y ^ 

[oiii] mmmi z 

L 1 1. 10 N > 0.75 C °0.2S M go. 10°2.2 ^Xftft^t 
II 

#38W©«lSCL i u ,Ni 0 . 75 Co 0 . 25 Mg 0 . 10 O 22 

[0 112] f l«f^ hT-i*. 
*hir>v«:3. ia»f>4. 4VKT\ tlfgO. 50 
mA/cm 2 Tr5 O-^W^/Wr^ h Lfco Hi 7 l-ir/W 

[0 1 13] ^2Wr^ h-C(4, Vf<y^JEm%r^/otc 
TXb±fr&3. li>*t>4. 6VF|-e> WSft&So. 5 
mA/cm 2 -C5 Of-^f^/Wx^. hL-fc, HI 8 IC-trA- 

[0 114] ^3©fx h-Ctt, y^frAjESSr^A/JSr 
1^64. 4VB5T?, 2. OmA/c 
m 2 TlOOt^ t>)VT* V Lfc„ Hi 9 £-fe/KZ>3£S 

-e#5r4Sr^-f. h-t^tti 5~2 o^w-e^ 
fesvMt»m-e#5. **4coc- 

JMMcK^****-?**, i:A#«> DIM" 

y ^ ? lt, aib^rotffflSr-flwtt^fcL 

[0 115] ±£0&IM-ffiMr«)fl&£L i 1+J N i 
!_ y Mg N x 0 2<1+x > (*I) fit. *«^(D^S©-^ 



fflLMTA^-f (SCI) ©Wgrttf^ffijEW^Vtt, ft 

5, 5 9 1, 5 4 3<D¥f&<DVo'gbfti&-fZ>Zbti:}fi> 
[0116] ft**L i, N i !_ y M g N x O p (Si 

I) **W4Mto*2^yp-^tt*fc, *H 

*ftfr##5, 5 9 1, 5 4 3©#ffffltefLi,. y Q 
x/2 ZO m (xtlll) ttJMeft. 3O0ft«1?ft« 

«>*»=. y*A\ "M" S&&fli*5J:tf "n" 

» u< » "n" A»ft*iittro«mktt&& Lfc/<5 * 
i^o-et "z" (zr±-^^, 

K ■^^^fy*fcH:2lBfc5V'>tt ; t^£l±©)a^-g-*3 
*) iCct 9 />ft < , "Q" JS»!**IlKAft?<Z>ttN:. 

[0 117] ±E4tft©S«fls¥ttfrK#L.-C. 5£l<D 
Mtt, *fc«>tttB«:*U *ii©4Mrtt:*;h,K: 

co^R (**t J P*t-0-i:-n-T?«SiT.5iBj*L i 

1. 10 N i O. 75 C °O.2S M g0. 10°2.2 i 1 N i o. 75 

Coo.25Mgo.10Op (2. lgp^2. 2) 

S) 14, *H^fFS^5, 5 9 1, 5 4 3©#fFfd*>^ 

5ClII(DifelH (aiSL i 0 8 N i c 75 C o 0 2S Mg 
o.io0 2 . 0 ^-TS) (CiK^-C, ^WJt«*}C®*/i[Rl 

[0 118] K II*JiaiII©%®rtr\ 2fffiiE^ 

X\ *>0, "M" a^JS+ "N" ^fflft^ 

II»l5E*oe** : f-OSl©2«"C*>S. xClinc*5V^ 
T. &mi&M i % I f-<0&ti.. ~-y>r/U+ -M" 

(i-x) oy f-!7i».+x/2co "n" mm 

&$tU&m3-<Dl&§,tit?-+X/ 2<D£tirf-(enpty latti 

ce)t? [ &«>bit5o s:IHc^5^^T^4, mmw&&*<o& 

(4, Effc^Wfb^S: (nominal formula) *>6>ftS**l 

X/2 ©Jiffl#*I IKO ]E-f * ^^5S#^«^S*S^Sr 
*il€*Li6*fntf, 2(1+ (X/2) ) T\ *fci4 
»^^f B te?-©IS{4, fe L^SP©Jl»#^II0l©IE-r * 

&*&&L1tb2 (1+X) t^5T?fo55. t*©^- 
*KLTt>. '>^<4fcX/2cD «N" ^W#«HSe© 
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[0 119] ioT, #3§9!©5U fcII^i»)Kit$H 
SfeSteilSSL i 1+X N i !_ y M y N x O p ©Ig-^A— 

[0 12 0] Mii^^V. A7$??A, )DA, 

■vyiS-y* St. n^/whirT/w^-^Ad^siitvS ; 

^AirE&^PjjSfift,* ; O^XSZ ; 2 (1+Z/ 
2) gP^2 (1+Z) ; M^a/^hfcS^li-v^ 

A&S^te&Wi^. Ogy^O. 5;M^T^5 = 9 
AOtt, y50. 4 ; N^T;W$-^Afc5V^l*^ 
^ACtt^ O^Z^O. 25;N*5^hnV^^ 
A. W&b^ft'^) ?A©fc#, 0<Z^0. l_hffi 

<D*%wmv. t jkbimw* 5, 591, 543 

[0121] 

*ifcai:©fl«l#*ll»i7E*«rJ*JBUfcR-3m#iSSr 

KlJ:64Mt©±l3©«HJ![a!U, v^*S"*A*2fiI3E 
b&&&momm£ l 9, Z<D2miEy*yi>>R-3m 

) , *fcttL INi.-COu.O, (-1 



IB 4] y/H*-C^**nfcL i N i 0 . 76 Co„. 25 N 
0 . 03 O d (2. 03<p<2. 06) SrAWMtfcLT 



fl/io^A. 7, Fd^aM!) £A©Z&Wttate 

2 6 4, 2 0 1 Wft-g**S*5, 
[0 12 2] *^|CB|UT«, £©#ffi©ftffftCil& 

(tEi-SI»*OttBtt» ±f2©#£©H160») J ? :,; e:©te© 
[Hffi©ffi*/<ClftW] 

[an y * 

K (L i N i 0 2 ) g©«itiaT-fc5„ 
[12] y/WfeT-^ $ ft fc»*ttfl:£*> L i N i 
o-75Coo.25Mgo.03Op (2. 03gpg2, 0 6) 

© x mx-mvr u fc/^ - yffl r-h 5. 

[0 3] y/Ujfe-C^^HfeL i N i 0 .7sCo 0 . 25 M 
g 0 .o 3 O p (-O- 
[*1] 

1*2) 



o-) , **w\FPJr\:*&ittifi?** 11 *** 
ins] x7yyfflk&X'&&ztitz%tmmt&V9L 

'Nio.75Coo.25Mgo.03Op (2. 03<p<2. 

0 6) ox&x-mftLtc^f-ymx-ibZ. 

[06] ^T'U'fftjlMfe-C^StbfcL IN i 0 . r5 C 
Oo.25Mgo.03Op (2. 03Spg2. 06) <HMS 

[HI 7] Bfl**^n**^jfc3ftfcft3fc«{b£* 
L i N i 0 75 Co 0 25 Mg 0 03 O p (2. 03^pg 

2. 0 6) ©xm-ciHiwufc^^— via-e&s. 

[08] HflcR^o-fe^-C^BJlSnfcL iNi 0 . 75 



■ > ^o ( -f s l^g' 0 ^3h5 p >f?Ao<3SpS2. 0 6) 

iia-cfoa. 

[09] 09 (a) ~ (c) J4, B#WntXt 
^$tlfc3a©^-*D-^ K, L i j 03 N i 0 75 C o 

O. 25^ 8 o. 03^2. 06 » L ' 1. 05 N 1 O. 75 C O O. 25 M 8 

0.05O2. ioS^ L i i.io N io.7s c Oo.2sMg 0 .i O 
2. 2 ©«»*»IB©ttlt*r*^X|§|-CiajffUfc/<^->' 
0-C&S. 

[010] iMiT-Bt^ts^^snfc, l i 

Ni O. 7S C 0 0.25 M 

[*3] 



g 0X)( O p (-■-) , LIN icrsCOo^MgcoOp (-□-) &£WiL i N i 

o.7 S Co 0 . 2S Mg 0 . 20 O p (-X-) lt $t!mmt¥-t/Wit®&M-9-y?*&r'yn-yhLtz 
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[011] «WSmEE«*at«*-f ^yu«t>K:*SJtSWt 
Li,. 

io. 75C00. 2S Mg 

[012] TGAT^fcMn*#&&II*lcfe&$ 
ftfcL i 110 N i 0 75 Co 0 25 Mg 0 x O z 2 (MW) 



osN i 0 . 7s Co o.2sMg 



o. 05O2. 10^ L ' 1. 10N 



tL i Q 8 N i 0 75 C o c 25 Mg 0 



x 0 2 



1 3] 



L i 1.03N i Q . 75 Co ( 



5 Mg 



O. 03^2. 06> 



^ * 1. 05^ 1 o. 75^ ° O. 25^ g o. 05^2. IO 

$>£VL i ! 10 N i 0 7S Co 0 25 Mg 0 . 1 0 22 
«5St LX$t?fi,fMt¥±»<Dtt®&tt-*4 9 'Wert 

[014] ftfLi 115 NiMg 0 . 15 0 2 .3 ©SM 

[1115] te«L i 11S N iMg 0 . 15 O 2 . 3 OdQ/ 
dVtt-feA-mfiE (V) y h Lfcft^ia-CfcS,, 

[016] %%<DW^ L i N i 0 2 ©dQ/d V*f-fe 
(V) "Cyo y h Lfcl&i8l0T'$>.5 o 



[01 7] L i 10 N i 0 . 7S C o 0 2S Mg 0 . 10 O 2 . 2 

EffiBli3. ld>P>4. 4V*-C. SOW^/K II 
&gliO. 5 0mA/cm 2 T?&5. 
[SI 8] L i x . 1C N i 0 . 7S Co 0 2S Mg o . lo O 2 . 2 
^rft^SiL, !J^!?ASriESt LfcW^fc^-fe/KS: 
^fittlM ?;v%ix-7u y Y Ltc&famX'h 0 . INT * 
/MBJE«iBtt3. 1*^4. 3 0f--f^;K 

flIilHE&ISO. 5 OmA/c m 2 



1 9] 



^ * 1. lO^ ^ O. 7S^ °0. 25 r 



^mBE®ffl(4 3. 1^?j4. 4VSf s lOOlM? 
®flfr®Sf±2. OmA/ cm 2 -efeS, 
[0 2 0] ^iiSLi L10 Ni 0 . 75 Co 0 . 25 Mg 
0.10O2.2 «Li! N i 0 7S Co 02S Mg 0 . lc O 
p (2. lgpS2. 2) , *3«ktfL i 0 . 8 N i c . 75 C 
o o. 25M g o. ! O z . o ZSttm%.ik¥-t/l'*it£&*iD- 



[ill 



[02] 



Li 




*t SO 

20 



*, ,,.1,1 



[05] 



[0 7] 



1 
I 

I 



SO 60 

2$ 



TO 



20 30 



1 



40 SO 60 

29 



80 £0 
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[H3] 

















- -o- 


L iNi 0>75 Co W5 Mg a03 O B 






L i N i 075 C o 0 25 O 2 




X 


1 1 i 




0 5 


10 13 20 












- -O- XhDVf^A 

I I 1 I I 

0 i 10 15 20 M 30 

1M 
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[E6] 




to 



[0 8] 



130 
160 

\ 
< 

eH 80 

ft 

40 

20 
0 
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29 



25 
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[H9] 



[mil] 



10 



20 



10 20 



Ca) 



SO GO 
28 



70 



1 ? . 



30 



SO 
26 



CO 



r< fa, i in ■■»,■ ft >; 



10 20 30 40 SO 60 
20 



70 80 00 



4J 



3 



3.5 



SXMgfttD 

— ] A few nMirn 

















02 0.4 0.9 0.« QJ OJ 0.9 1 



[Hi 2] 




1 0] 



\ 

S 

* 



ISO 
150 
140 
120 
100 
80 
60 
40 
20 
0 



■ It M M 



■o- 

- x- 



L i N i a7S C 0 025 M goAgOp 
L I N 1 are C o 025 M g 010 O p 
L iNi^COo^-Mg^O,, 



to 15 zo 



2J 



30 
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[mi 3] 



[111 4] 





03Mg 




0 5Mg 







160 

\ 120 

A 

< 

6 so 



« - i » ■ ■ ■ i ■ ■ * ■ i * 

10 15 20 




10 15 20 



as 30 



[Bl 7] 



[111 5] 





20 30 



♦0 50 



[Hi 6] 




-feJMIti (V) 
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[020] 



[019] 




40 60 



80 tOO 



~ 160 
CI 

\ 

A 120 
< 

2 



so- 



il 

ft 



13 
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